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The C-E Unit shown above is now in process of construction for 
the Dan River Station of the Duke Power Company, near Spray, 
North Carolina. 


This unit is designed to serve a 150,000 kw turbine-generator 
operating at a throttle pressure of 1800 psi with a primary steam 
temperature of 1000 F, reheated to 1000 F. 


This unit is of the controlled-circulation, radiant type with a 
reheater section located between the primary and secondary 
superheater surfaces. An economizer section follows the rear 
superheater section and regenerative type air heaters follow the 
economizer surface. 


Pulverized coal firing is employed, using bow! mills and tilting, 
tangential burners. oe 


BOILERS, FUEL BURNING & RELATED EQUIPMENT, PULVERIZERS, AIR SEPARATORS & FLASH DRYING SYSTEMS, PRESSURE VESSELS; AUTOMATIC WATER HEATERS, SOIL PIPE 
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FOR HIGH PRESSURE 
CONDENSATE 
DRAINAGE... 


(UP TO 2400 TTS i 


Flanged 
Connections 


Screwed 
Connections 


Ne. 515 Armstrong 

trop operating at 675 : 
ptig, PIOF at West Texas 
Utilities Co. Lake Pauline Plant 


(pinched Mh dnd dhe 


» Mt pays to use 


ARMSTRONG FORGED 


Because: 


1. They provide dependable automatic drainage of con- 
densate and boiler carryover for protection of valves, 
turbines and other equipment. 


2. They have been thoroughly proved in use in important 
power plants all over the world. 


3. Armstrong has built thousands of them since 1929 and 
has the experience necessary to insure safe design and 
application. In fact, Armstrong pioneered the develop- 
ment and application of traps for high pressures and has 
continuously kept pace with the trend to higher pres- 
sure plants, 


4. Generous margins of safety are provided, not only in the 
forged bodies and caps, but in the power provided for 
opening the valve and in bucket buoyancy for closing the 
valve. There is no steam waste and no failure to open. 


5. The quality is unsurpassed —chrome steel valve and 
seat are hardencd, ground and lapped; other working 


* | Many plants, particularly refineries and chemical 
processing plants use Armstrong forged steel traps 
at 250 Ibs., or less, pressure to secure the adven- 
tages of all-steel fittings and freedom from 

damage in event of fire or explosion, 


BSBBBBBVVeVaarars 


Socket Weld 


Connections 


STEEL STEAM TRAPS! 


parts are stainless; bodies, caps and bolts and nuts are of 
materials approved for pressures involved. 


6. The cost is moderate —first cost because of quantity pro- 
duction, long run cost because of low maintenance 


7. They are guaranteed to give complete satisfaction. Your 
local Armstrong Representative is fully qualified to dis- 
cuss your forged steel trap applications and to answer 
your questions. Give him a call, or write: 


ARMSTRONG MACHINE WORKS 
814 Maple Street, Three Rivers, Michigan 


FOR COMPLETE 
INFORMATION 


Send for the new 44-page Steam 
Trap Book — includes physical data 
and list prices, service pressure 
rating (ables, list of materials and 
other data pertinent to forged steel 
traps plus information on cast traps 
and trap selection, installation and 
maintenance for all condensate 
drainage jobs. Free an request — 
ne obligation. 


ARMSTRONG STEAM TRAPS 
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You Get More Value 
When You Buy S-E-CO. 


- 
i 
7 
3 


The New S*E-CO. Coal Valve 
Can Eliminate Your Coal Valve Headaches 


FOR EXAMPLE... it has se/f-cleaning, coined, ladder racks that cannot be- 
come clogged with coal, even on jobs having internal pressure. This feature alone can 
eliminate hours of time spent cleaning coal from the valve body, racks and pinions 
so that you can operate it. 

the pinions are also of self-cleaning design, located above the gate, an ex- 
clusive S-E-Co. design feature. This position helps keep the ladder racks clean and 
assures positive tooth engagement. This, together with the new husky sized racks, can 
eliminate your troubles with tooth breakage and subsequent time consuming repairs. 

large, 2-5/16” diameter, roilers, equipped with ball bearings, support the 
gate making sure it will move easily. These rollers have stainless steel shells to combat 
corrosion. Felt grease seals and stainless steel grease retainers with fittings for pres- 
sure lubrication insure their long life. 
Dependability, minimum maintenance requirements and ease of operation are built 
into each S-E-Co. Coal Valve. Write for our new Bulletin #97 or for a local repre- 
sentative to call and assist you select valves to replace those that are not giving 


satisfactory service. 


SPECIALISTS IN STOCK Equipment Company 


BUNKER TO PULVERIZER ANI 


BUNKER TO STOKER EQUIPMENT 745- C HANNA BLDG., CLEVELAND 15, OHIO 
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Reduce your steam costs. Get more efficient and safer boiler operation. 
Use one or more of these four Copes-Vulcan aids to offset rising costs 
of fuel, labor and maintenance. C « V + T offers a new approach 
to boiler control—with undivided responsibility from analysis to in- 
stallation—and service wherever needed for the life of the installation. 
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4 aids to lower steam costs 





COPES-VULCAN DIVISION 


CONTINENTAL FOUNDRY & MACHINE COMPANY 
ERIE 4, PENNSYLVANIA 
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A New Tool For 


* 
Boiler Operation a 
‘ St , . » A. ' x" is 


; 4) 


_with RCA Industrial T 


During light-off . . . to determine whether all burners are 

operating properly ... changing fuels... or to check opera- 

tion of burners... RCA Industrial TV with new water-cooled 

window, permits safe, convenient observation at the control 

panel 24 hours a day. Thus quick adjustment, above and be- 
To observe tangential firing, yond ordinary flame-failure safeguards, isa reality. 
water-cooled window can be in 


stalled at top of furnace to 


observe direct firing, inside of Observe smoke, combustion and ignition in furnaces, water 


furnace 


level in boiler drums, or solve other difficult control 





problems the fail-safe way with high-detail RCA Industrial 
TV. Complete engineered package now available for power 
plants, plus installation and maintenance available through 
RCA Service Company. Years of television experience, 
hundreds of industrial applications, and RCA... the world’s 
best name for quality, stand behind every installation of this 


equipment. RCA Service available throughout the country. 











High-capacity blower and pump 
unit can serve two windows Use coupon below for latest literature. 


Radio Corporation of America 
Dept. L-187, Building 15-1, Camden, N. J. 


RADIO CORPORATION | — x4 
of AMERICA caliaae 


CAMDEN, N. J. 
in Canada: RCA VICTOR Company Limited, Montreal 


Please send me information on RCA Industrial TV. 


Address 


City Zone State 
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“Does Four Jobs 
at Georgia Plant” 


CUTTING DEEP, Macon Kraft's TD-14A 
dresses the pile in the company’s 
yard near Macon, Georgia. 


Purchased for coal compaction, INTERNATIONAL TD-14A with an INTERNATIONAL 
DROTT Skid-Shovel now does wood handling, general grading and loading 


Macon Kraft Company found a fast way to solve four problems 





around the plant at Macon, Georgia. 


They put an INTERNATIONAL TD-14A with an INTERNATIONAL 
pRoTT Skid-Shovel to work compacting and sealing the company’s 
pile. The speedy TD-14A completes compaction chores, fills 


the hopper, then goes to work on custom dozing jobs. 


And when coal or dirt-moving work is completed, a pulpwood 
rack replaces the bucket on the Skid-Shovel for wood-handling. 


INTERNATIONAL DROTT Skid-Shovels have the versatility that 
makes them first choice at those plants where one machine has 
to do a lot of jobs. To see how you can cut cost and speed up 
production, call your INTERNATIONAL Industrial Power Distrib 


BUILDING UP a big 2 cubi rds in the Skid-Shove', 
»T 4 starts ano er load on ‘ ay pe ’ 
Che FD-14A starts ancth lonthe way tothe hopper. utor today. He'll arrange a demonstration as fast as tomorrow, 


MASTER MECHANIC S. D. = i anywhere you wish. 

nate a a of os ; ; INTERNATIONAL HARVESTER COMPANY, CHICAGO 1, ILLINOIS 
acy >» al ompa 5 

says: “We are very well ¥ 7 

pleased with our TD- 2 ; 

14A and Skid-Shovel 

Due to the ease of * i 

changing from one P 

attachment totheoth | N TE R N AT | 0 N A [ 

er, it is only necessary , 

that we have this one ’ . 

versatile machine for “ j INDUSTRIAL POWER 

coal handling, wood es ‘ : INTERNATIONAL 


handling and general Ti a7 |, ae. wamvesrit J MAKES EVERY LOAD A PAYLOAD 


grading and loading.’’ 
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The answer to why Koppers Electrostatic Precipi 
tators work so well is to be found in the sound engi- 
neering principles followed, from the project stage 
right through to actual installation application 
engineering “know-how.” 

The wealth of experience gained over the years in 
designing and building equipment for cleaning gases 
provides the basis for such “know-how.” In addition, 
foreign installation and engineering data is available 
to Koppers engineers through special agreements. . . 
Koppers experts are kept up-to-date on new process 
developments on a world-wide basis 


Koppers also has extensive laboratory facilities to 


Precipiteter pilet plant, Verone Research Center of Koppers Company, inc. 


Why Koppers Electrostatic Precipitators work so well 


analyze plant processes and problems in industrial 
gas cleaning. It has pilot equipment and competent 
personnel to conduct conclusive tests. 

It’s this knowledge, this experience, these facilities 
that make for satisfactory service . . . service for which 
Koppers has long been famous. 

Next time you have a gas cleaning problem, remem- 
ber that every problem is different, every problem 
contains variables which must be correctly analyzed 
solution is reached. So it will 
pay you to consult Koppers...the company with 
application engineering “know-how.” Mail this coupon 
for additional information. 


before a satisfactory 


ELECTROSTATIC PRECIPITATORS 
| 


KOPPERS COMPANY, INC., Electrostatic Precipitater Dept., 392 Scott S1., Baltimore 3, Md. 
Gentlemen: I am interested in an —- and recommendations for my op- 


Name 
METAL PRODUCTS DiviSION + KoPrréEens 
COMPANY, Inc. + SALTIMORE 3, MoD. 
This Koppers Division also supplies industry with 
Fast's Couplings, American Hammered industria! 
Piston & Sealing Rings, Aeromoster Fans, Gas Ap 
paoratus Engineered Products Sold with Service 


Company 
Address 
City 


eration. I understand | am under no o 


ligation. 


Zone 
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HE’S A SPECIALIST ON 
STAINLESS STEEL INLAYS 


@ A dentist? No. 

He’s a Yarway craftsman. In the picture above he is milling 
a gasket groove in the stainless steel facing that is used for this 
important part of a high pressure boiler water gage body. 

The man is important; so is the inlay. 

The man is typical of the skilled workmanship that goes into 
every Yarway gage, blow-off valve, steam trap or other product 
—workmanship that makes no compromise with quality. 

The stainless steel facing is typical of advanced Yarway 
engineering design. That inlay is but one of twelve basic 
improvements made in Yarway high pressure water gages. 

When buying boiler water gages as well as other steam plant 
equipment, measure the cost in terms of good engineering, 
quality, workmanship, and dependable service. 

“Make Yarway your way.” 


VYARNALL-WARING COMPANY 
100 MermMaAip Avenue, PuiLapecrenia 18, Pa. 
Brancu Orrices tn Principac Cities 








Yarway High Pressure Boiler Water Gage 
with seporated-design flat glass inserts 
Write for Yarway Bulletin WG-1812 


YAR WAY steam plant equipment 


BLOW -OFF VALVES DIGESTER VALVES 
WATER COLUMNS AND GAGES STEAM TRAPS 
REMOTE LIQUID LEVEL INDICATORS STRAINERS 
EXPANSION JOINTS SPRAY NOZZLES 
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HALL 


Hall Laboratories 


Volume 2 


INDUSTRIAL 
WATER 


REPORT 


A Subsidiary of Hagan Corporation 


DECEMBER 1954 


Close Control Pays Off in Clean Boilers 


When Hall Service was started at an East Coast plant, R.A. Beardsley, 
service engineer, undertook to educate and interest all of the operating 
personnel in their water conditioning program, so that follow-through | 
on his recommendations for better operation would not be left to 
In this plant no actual failures had occurred, and because 


“George.” 
chemical treatment had been used, 
the personnel was convinced that 
such troubles as plugging of feed 
lines, poor distribution of chemicals, 
and the time and labor consuming 
cleaning job were necessary evils. 
The plant men were astonished when 
minor modifications in pre-boiler 
control and treatment practices, 
faithfully carried out, resulted in 
major improvements in the internal 
condition of four waste heat boilers. 

Tight control now polices chem- 
ical treatment and adjustment of the 
phosphate-silica ratio in the boiler 
water has eliminated the adherent 
magnesium phosphate scale that was 
responsible for the massing of 
deposits 

Since the plant men had formerly 
taken it for granted that crowbars, 
chisels and hard labor were needed 
to get rid of heavy scale accumula- 
tions, washing out the greatly re- 
duced amount of deposit right down 
to clean metal now seems like child’s 


play. 


Foreign Relations 


One Hall staff engineer had to 
travel 8000 miles to go to work 
recently when a request for consul- 
tation came from the Arabian Amer- 
ican Oil Company in Saudi Arabia. 
But setting up water treatment for 
boiler operation, for the protection 
of condensate lines and for air con- 
ditioning equipment at three plants 
made A. M. Henricks feel that he 
had never left home during the five 
weeks he spent in Arabia. Mr. 
Henricks’ long-distance service job 
was one of several such trips he has 
made in the last few years. 

Another phase of Hall Labora- 
tories’ foreign service is a training 
course which has been given to engi- 
neers and technicians from all parts 
of the world. Although this training 
is made available to Hall Labora- 
Ine 


HALL LABORATORIES 





CONSULTANTS ON PROCUREMENT, 


tories’ domestic clients, it is espe- 
cially valuable to personnel from 
foreign plants in familiarizing them 
with the latest in water treatment. 


Engineering and 
Industrial Wastes 


In a Panel Discussion on Stream 
Pollution presented at the Fifteenth 
Annual Water Conference, H. A. 
Reda of Hall Laboratories defined 
“‘An Engineering Approach to Indus- 
trial Waste Problems.’’ Viewing 
plant process and waste water prob- 
lems as a part of an integrated 
program of water use leads to the 
systematic analysis that constitutes 
the engineering approach. Mr. Reda 
pointed out that “bonus’’ benefits 
frequently result when the inves- 
tigator studies the entire water 
system in a plant in order to set up 
the most effective and economical 
treatment of industrial wastes. Re- 
covery of costly process materials, 
reduction of water consumption, and 
re-use can help to offset the cost of 
treatment. In one plant, study of 
over-all water practices enabled Mr. 
Reda to reduce the preliminary 
$250,000 estimate by almost one half. 

Mr. Reda’s discussion brought out 
the value of the engineering ap- 
proach in unraveling the complex 
waste disposal problems in plants 
built long before the pollution of 
streams was a consideration in indus- 
trial operations. In many of these 
older plants, no one actually knows 
how the piping is laid out. In some, 
where the water source is located on 
plant property, no measurement of 
flow rates has ever been made; prob- 
ably such a plant would not even 
have a flow meter. In these plants, 
only an engineering approach can 
solve the problems effectively. 


TREATMENT. USE 


Number 6 


Hall Engineer Boosts 
Employee Morale 


The several hundred employees of 
a glass manufacturing plant com- 
plained that hot water in the bath 
house was extremely hard and much 
too scarce. The shortage was due to 
a hard calcium carbonate scale which 
reduced shell-tube heater efficiency 
in a matter of days after each clean- 
ing, and defied complete removal by 
either chemical or mechanical means. 

When this unhappy situation was 
mentioned to Hall engineer W. J. 
Reese, he thought of the softened, 
Threshold-treated water used for 
make-up in the production cooling 
system in the plant. He pointed out 
that the blowdown from this cool- 
ing system, which had formerly run 
to waste, could be fed to the bath 
house heaters, thus eliminating the 
scale problem. Now everyone is 
happy .. . employees because they 
are getting adequate supplies of 
softened hot water, and management 
because a troublesome problem was 
licked without the purchase of costly 
water softening equipment. 


Close Contact Maintained 
by Hall Executives 


Field service engineers of Hall 
Laboratories get to boss the bosses 
when the top executives make their 
regular visits to ail of the district 
offices to maintain first-hand contact 
with field problems. On such trips, 
even travel time is utilized for the 
exchange of information between the 
headquarters men and field engi- 
neers. When J. N. Welsh, Associate 
Director of Hall Laboratories, made 
the rounds of the western offices 
recently, one of his stops was at 
Nanaimo, where he presented a dis- 
cussion on Steam Conditioning at a 
meeting of the Nanaimo Branch of 
the Institute of Power Engineers. 





Water is your industry's most im- 





portant raw material. Use it wisely. 


AND DISPOSAL OF INDUSTRIAL 
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BOILER 750,000# STEAM/HR. 


P| 
BURNERS qq 
wi GAS FROM es yy 


PLENUM CHAMBER 
COMMON TO BOTH FANS 


AIR TO BURNERS 550° F. 


HBACON DAMPER 
S OFF REVERSE 
AIR HEATER FROM SECOND FAN 


There's a big difference in temperature between the inlet and 
outlet sides of this Heacon Damper installation when the 
damper is closed. There has to be because in this large western 
utility, air pre-heaters are cleaned while the boiler operates 
at half load! 

This is made possible only because Heacon Dampers can 
effectively shut off high temperatures without leakage... 
can assure safety of personnel while boiler is in operation 

No other damper could assure the tight sealing so necessary in 
this installation. No other damper could provide these impor- 
tant benefits: 


1. Quick return on investment through savings realized 
by operating steam generator at one-half load or 
better during cleaning operation. 


Elimination of internal strains and possible damage 
during complete boiler shut-down. 


3. Safety of personnel during cleaning operation 


Performance will prove to you as it has for others that Heacon 
Dampers are the most efficient dampers available anywhere 
Performance in this installation resulted in 6 repeat orders for 


a total of 25 dampers! 

" Heacon Dampers are designed and constructed to meet practi 
cally any pressure or temperature specification. Our engineers 
will be glad to discuss your damper problems with you 


Project Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONN, 


(OFFICES IN 38 PRINCIPAL CITIES) 


Canadian Affiliates: 7 hown, Ld. 1440 St. Catherine St. W., Montreal 25, Quebec. 983 Bay St., Toronto 5, Ontario, Canada 
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After 94% years of continuous service without repairs, 
hopper #634 in Niagara Mohawk Power Corporation's 
Huntley Station has been removed for laboratory evalu- 
ation—still in perfect condition. This hopper, made of 
stainless-clad steel, had been installed in 1945 in an at- 
tempt to solve the problems of stoppages and hangups 
that cut into operating schedules and to relieve an expen 
sive maintenance headache 

Its in-service record here proved Type 304 stainless-clad 
steel’s economy and efficiency in withstanding the inevit 
able sulphuric acid corrosion and abrasive wear of moist 
coal, Laboratory examination of the hopper showed no 
measurable loss of gage, no repairs, and a far smoother 
interior surface than at the time of installation. Because 
of the exceptional performance of stainless-clad steel in 
this test hopper, it has since been specified for other coal 
handling equipment on the Niagara Mohawk system 


This photo shows a layer of stainless-cladding inseparably bonded 
by heat and pressure to the carbon backing plate. It provides the 
performance of the expensive solid stainless at a lower cost. In ad 
dition, clad steel can be worked by conventional fabricating tools 


and methods 





Ihe reason is simple. Carbon steels ordinarily used in 
coal handling equipment lose as much as 25% of gage 
per year due to corrosion and abrasion, give very short 
service life. But stainless-clad steel affords full protection 
at Jow cost, develops a smoother surface with hard use. 

Stainless-clad steel equipment means less maintenance, 
uninterrupted flow, and service life equal to that of a 
boiler. It gives you all the benefits of solid stainless plate 
with greater economy 

If you would like more information, write for Bulletin 
740. In addition, our Technical Service Department is 
available to work with your equipment builders and engi 
neers in putting stainless-clad steel to work for you. And, 
if you would like the names of qualified builders of clad 
steel coal handling equipment, write to the Manager, 
Marketing Service, 684 Lukens Building, Lukens Steel 


( ompany, ¢ oatesville, Pennsylvania 


This is the original hopper #634, split in half for examination and 
testing. Even after 914 years of rugged service, no loss of gage could 
be measured by laboratory instruments. Profilometer measurements 
of the stainless surface finish were 6 to 7.5 micro inches, the equiva- 
lent of a highly-polished finish. 


CLAD STEELS 














PRODUCER OF THE WIDEST 


STAINLESS-CLAD 


RANGE OF TYPES AND SIZES OF CLAD STEELS AVAILABLE ANYWHERE 
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Pictured above are four Stainless-clad steel hoppers in service at the Huntley Station of the Niagara Mohawk Power Corporation 
Hopper #634 on the right is the recent replacement for the original test hopper that was removed for laboratory examination 


The failure of these relatively new carbon steel coal pipes, requiring This section of carbon steel coal pipe shows hammer marks made 
patching as indicated by the “half-soles”’, had three avoidable results in freeing hangups due to rat-holing and arching. Smoother, cerro- 
flow was interrupted yh maintenance charges were incurred sion-resistant stainless-clad surfaces reduce friction, help climinate 
service life was shortened. Stainless-clad steel would have eliminated these causes of stoppage and high maintenance expense These coal 


the first two, and lasted through the useful life of the boiler pipes at Huntley Station are now being replaced by stainless-clad pipes 


NICKEL-CLAD INCONEL-CLAD MONEL-CLAD 
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WALWORTH 





Better because .» + There's no guesswork when a 
silver-brazed joint is made with a Walseal fitting. Sil-Fos 
alloy, which appears as a fillet at the face of a Walseal 
joint, comes from rings which have been factory-in- 
serted in the end connections of Walseal fittings. The 
bright silver alloy fillet that you can see assures full 
penetration of alloy for a permanently leakproof joint. 


Walseal is a registered trade mark which identifies 
valves and fittings manufactured by the Walworth Com 
pany. Walseal products have factory-inserted rings of 
silver brazing alloy in threadless ports. Walseal joints 
can be made only with Walseal valves and fittings. 

If you’re piping water, oil, steam, air, oxygen, nitro- 
gen, helium or other industrial gases or refrigerants 
through brass, copper, or copper-nickel pipe, you’ll want 
to investigate Walseal — available in complete lines of 
valves and fittings in four distinct pressure ranges 
from 0 to 5000 psi. working pressure*. Your copy of Cir 
cular 115 will be sent on request . . . see your near-by 
Walworth Distributor today, or write to: Walworth 
Company, General Offices, 60 East 42nd Street, New 
York 17, N. Y. 


*Wealseal fittings and volves ore being vsed 
@! svb-sere temperatures as low os 350 F 


Cutaway view of a Walseal Tee showing: 
factory-inserted ring of silver brazing alloy; 
fillet of silver brazing alloy that appears 


upon completion of Walseal joint; cutaway 
stfour 
CATALOG 18 
\pe 
—_ 


Make it “a one-pivce pipeline” with WALSEAL 


view of the completed joint showing that 
se 


silver brazing alloy has flowed in both direc- 


tions from the factory-inserted ring. 
Manufacturers since 1842 


valves . . . pipe fittings . . . pipe wrenches 


60 East 42nd Street, New York 17, N. Y. 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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MULTIPORT 
RELIEF VALVES 


Assure 
maximum 


dependability 


Cochrane Multiport Valves guarantee uniform 
regulation of line over-pressure with maximum 
safety. The use of multiple vapor cushioned discs, 
made of corrosion-resistant metals, prevents pos- 
sible valve failures. Valves will not rust, freeze or 
jam. Valves operate automatically and positively 

As set pressure is exceeded, the vapor cushioned 
valve discs ride open gradually with the over- 
pressure eliminates heavy pulsations in the line 
that would be transmitted heater and other 
equipment. When only the exact amount of over- 
pressure is bled off, valve discs close gradually and 
gently to pre-set pressure, eliminating back surge 
blowdown or vapor hammer 

Vertical, horizontal or angle Multiport 
are available for pressures 0 to 25 psig, 0 to 60 
psig, 0 to 100 psig. Hand wheel or chain wheel 
control easily accomplishes valve adjustment from 
Cochrane Multiport 


to 


Valves 


zero to required pressure 


Coch rane 


c OR POR AT 


PHILADELPHIA 32, 
CHICAGO 


STREET, 
PHILADELPHI., . 


3109No, 17th 
NEW YORK . 
Representatives in 30 principe! cies in U. S.; Toronto, Conada; Mexico City, 
France; Hevano, Cuba; Corocas, Venezuela; San Juan, Puerto Rico; Honolulu, Hawaii 


Pottstown Metel Products Division —Custom built carbon steel ond alloy products 


Demineralizers + Hot Process Softeners + Hei Zeolite Softeners + Dectkelizers + 
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PA. 


Mexico; Paris, 


Reectors «+ 





safety 


Relief Valves are for pressure or back pressure 
relief to atmosphere service, but also have appli- 


cation in closed systems as Check Valves or Differ- 


ential Pressure Spill-over Valves, also as Vacuum 
Breakers. Write for Publication 5200 


Other Cochrane Processes 

HOT ZEOLITE SOFTENERS 

Complement present Hot Process Softeners by 
utilization of high temperature ion exchange 

resins. Provide water of zero hardness; 

lower alkalinity; minimize carbon dioxide and 
silica. Effect substantial savings by eliminating 
soda ash and reducing amount of phosphote 

used. Publication 4801. 


DEMINERALIZERS 

Cochrane ion exchange units deliver a 
continuous supply of demineralized silica-free 
water ot extremely low cost 

Publication No. 5800 


DEAERATORS 

Delivers deceratedwater with an oxygen/ wenn Mel 
content not to exceed 0.005 cc vat 
per litre—less than 7 ports 
per billion! Publications 3305 
ond 4643 


"ee, 


"Oe, 
Sty, 





€100.20 


COCHRANE CORPORATION 
3109 No. 17th St., Phila. 32, Pa 
Please send me a copy of Publication No. 5200 on 
Cochrane MULTIPORT VALVES. | would also appreciate the 
following publications 
4801 


5800 3305 and 4643 


Nome _ 
Company _ 
Address 


City Zone a 
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Deaerators + Continveus Bilow-Off + C-B Systems + Specialties 
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**Here’s where we can’t 
go wrong,” I told John 


John is my partner in a small 
manufacturing enterprise we 
started six years ago. Recently 
we decided to build a new plant 
that would give us added space 
and the most modern facilities. 
There were a lot of hard decisions 
to make because we just haven’t 
enough money to afford mistakes, 
even little ones. 

Then came the question of 
what fuel to use. The answer to 
this one was 80 easy, it was almost 


a relief. Coal —for these reasons: 

The cost of quality coal to 
meet our most exacting require- 
ments should be substantially 
less than that of any other fuel. 

With modern stoker and coal 
and ash handling equipment, our 
steam costs should be reduced 
to a minimum, 

Not only can we store as much 
reserve coal as we require in our 
own yard safely and inexpensive- 
ly, but there’s no worry about 


Chesapeake and Ohio 


COAL 


Railway 


World's Largest Carrier of Bituminous Coal 


curtailment in delivery and di- 
minishing supply, as could be the 
case with other fuels. 

We figured, too, that if com- 
panies many times our size are 
burning coal — and for the same 


reasons — we can’t go wrong. 


fest . 

red “(Tier of bi 
. is Ntimate]y 

a lacy Phase o» COs 
glade Staff of ex - 
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Edward UNIVALVES 
lower Pressure Drop 25°50 2.with Straight Thru How 


As shown photographically here, the ed internal contours and the inclined stem construction of the 
Edward Univalve give straight throug Row" wows careful laboratory tests have shown to result in 
pressure drop 25 to 50% lower for U ves than other globe valve types. Turbulence, too, is greatly 
lowered by these streamlined contours. Arid lowering previonce lengthens valve life by eliminating vibration, 
the principal cause of wear in small globe ve 

But lower-pressure drop and less turbulence are the only reasons the Univalve has become an industry 


standard for tough high pressure, high temperature 3 5. are just a few of the benefits which add 
up to longer life and lower maintenance for this outsta d Steel Valve. 





. 


LONGER PACKING LIFE through @ positive backseat and deep 
cooling chamber which protects packing in service. 

Isolation of packing prevents blow-out when 

repacking under pressure. 


PERFECT ALIGNMENT, EASY DISASSEMBLY when 
necessary, through foolproof patented body-bonnet 
connection. 


EXTRA WEARING SEATING SURFACES— 
seat formed by application of 

continuous ring of Stellite to valve body; 
Stellite hard-facing applied to alloy 


steel disk. 


EASY PACKING ADJUSTMENT 

with through bolted, accurately £ 4 DESIGNED FOR HIGH-PRESSURE, 
ovided gland. & of e HIGH-TEMPERATURE APPLICATIONS 
EFFORTLESS SEATING vy Two different classes rated for 1500 Ib sp 
with impactor handwheel ot 1023F or 2500 Ib sp at 1033F. 


in sizes 11% in. AVAILABLE IN A WIDE RANGE OF SIZES 
and larger. Furnished in 1500 Ib or 2500 Ib pressure 
classes in sizes from 2 in. to 2 in. 


CHECK VALVES, TOO 

Check type Univalves, of spring loaded piston design, 
have the same basic construction as globe Univalves. 
Use them together for all welded construction for small 
pipe lines, eliminating all bonnet joint leakage problems. 


IDEAL FOR BLOW-OFF SERVICES 

Univalves meet all ASME code requirements for 
‘blow-off service and are adaptable for high 
pressure installations to 3120 psi boiler pressure. 


Get the full story on Univalves, ideal all-purpose 
steel valves—write for Catalog 12G1. 


Rod through Univalve demonstrates Edwa rd Va Ives, inc. 


straight thry flow of this valve. Subsidiary of ROCKWELL MANUFACTURING COMPANY 
20 W. 144th St. ° East Chicago, Indiana 


Another Oe 








LJUNGSTROM AIR PREHEATER 
cuts fuel costs in hundreds of plants 


The Ljungstrom Air Preheater has proved its value in industrial 
and utility plants throughout the country. That’s why every year, a 
constantly increasing percentage of the total installed boiler 
capacity is Ljungstrom-equipped. Your fuel ccsts will drop, too, when 
you equip your boilers with Ljungstroms. The extremely high 
efficiency of the regenerative design means the greatest possible recovery 
of waste heat . . . with substantially lower fuel requirements. 
If you are planning a new boiler installation — or expanding or modernizing 
your present one — let our engineers show you 
how the Ljungstrom can raise over-all efficiency in your plant. 
Ljungstrom Air Preheaters are now available for boilers of 
any type or capacity from 25,000 pounds of steam per hour up. . 


The Air Preheater Corporation 60 East 42nd Street, New York 17, N. Y. 
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MOVES AND COMPACTS COAL — Allis-Chalmers 

torque converter tractor with Gar Wood dozer af A 4 f 

moves coal up to 750 ft. from crusher chute out over 

storage pile at Georgia Power Co. plant neor Macon, Ga. 

The 41,000 ib. tractor compacts the coal to eliminate Cc ° A L 4 A MM v L i ES | «J 


danger of combustion. 


By Using 
Versatile 


STORES ANYWHERE, . Allis-Chalmers Tractors 
RECLAIMS AS - 4 
NEEDED — 
Handling coal with four A-C 
Tractors and Gar Wood scrap- 
ers permits placing storage 


piles wherever there is avail- 
Handle all of your coal 


storing and reclaiming or 
supplement existing facilities. 


able space around the Miami 
Fort plant of The Cincinnati Gas 
& Electric Co. Coal is hauled 
vp to 1700 ft., spread in thin 
layers and compacted. The self- | a. Add storage areas any- 
where without installing costly 
conveyors, tracks, et« or 
abandon them without leaving 
money tied up in idle equipment. 


loading scrapers efficiently hau! 
coal as needed to reclaiming 


hopper. 


STOCKPILES — be be aia Speed up handling dur- 


HD-5G Tracto-Shovel stockpiles ee ~ % * ing rush periods by adding more 
. tractor units. 


coal as it is unloaded from railroad 
cars ot Crown Cork and Seal Co., 
Baltimore, Md. Also used to load -¥ Quickly change storage sys- 
into trucks. ‘ 5 tem or methods. ..crawler tractors 
work free of rails and runways, 
make their own “roadway” any- 


HELPS UNLOAD — ' where! 


Canoda Cement Co., Montreal, uses 

HD-5G Tracto-Shove! with dozer to f Send for free booklet, ‘Economic Coal 
Storage with Allis-Chalmers Tractors." 
Describes modern coal-handling meth- 
. ods, using A-C tractors and ‘dozer 
bucket. Eliminates hand shoveling, j blades, front-end loaders and 

peeds up unloading scrapers. Write Allis-Chalmers 

Tractor Division 


pull coal and cement from sides and 


ends of ship hold into reach of crane 





E 1, U.S.A. 





newest in small steel valves for high-pressure/high-temperature 


CRANE 


lip-seal bonne FE (core 


VALVES 


ti? -=6@ 


AAA Av 


— 
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® Absolute Bonnet-Joint Tightness 

® Freedom from Bonnet-Joint Maintenance 
® Minimum Weight and Bulk 

® Easier Dismantling and Reassembly 


ye 


! 


= 
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1500 AND 2500-POUND GLOBE AND ANGLE PATTERNS 
SOCKET-WELDING AND SCREWED ENDS. SIZES % TO 2-INCH 


What better way to seal against leakage at the bonnet joint 
of a small steel valve .. . than with a simple weld. And that’s 
all the weld is ever called upon to do. Extra-long body- 
bonnet threads carry ali mechanical loads—and at compar- 
atively low stresses. Should dismantling be necessary, the 
seal weld may be repeatedly ground off—and reapplied — 
without damage to valve. 


de 


ee 


Right along with this modern Crane sealing principle go 
other important refinements. You get a compact, weight- 
a — saving structure without sacrificing strength or reducing seat 
area—a more rigid swivel disc-stem connection—durable 


Lip Seal design is exceedingly simple. Body Stellite-faced plug-type disc —and Stellite-faced integral seat. 


t dt th til a firm r 
eee we Gereem weeney Se : Crane Lip-Seal Bonnet Valves are by far your best buy for 
metal-to-metal contact is made between the 


smoothly machined flat surface on the shoulder high-pressure/high-temperature power services... worthy 
of the bonnet and the top of the body. The companions to the larger Crane Pressure-Seal Valves. Ask your 
small lips around the periphery are then seal Crane Representative for Circular AD1902, or write direct. 


welded. 


THE BETTER QUALITY... BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES & ttm 


CRANE CO., General Offices: 846 §. Michigan Ave., Chicago 5, Illinois \ BUYER 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
20 December 1954—C OMBUSTION 








Warmest Wishes for a 


Mery Christmas 








( A EASTERN GAS AND FUEL ASSOCIATES 
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Welded-In Tubes in High Pressure Service... years without a failure 





One of the greatest problems in operating high pres- joint failure because of fabricating inaccuracies, tube 
sure feedwater heaters in modern super-pressure power irregularities, nickel oxide deposits from annealing op- 
plants is failure of expanded tube joints, In 1947, erations, and excessive tube hardness, Welding-in makes 
Lummus pioneer red the field in u elding monel tubes possible the use of heavy wall tubes which cannot be 
to steel tube sheets in feedwater heaters, Two such units satisfactorily expanded. 


were built for the eity ol Lansing, Mik higan designed Your inquiries are invited. 


for = psi. These units have had no failures in seven THE LUMMUS COMPANY, Heat Exchanger Divi- 
as a sion: 385 Madison Avenue, New York 17, N.Y. 

Lummus — h ™ de a loped . peat edure of welding Ailanta ° Boston * ( hicago ° Row k Island ° Cine innatl 
rea oy nickel tubes to steel tube sheets Subjected to Detroit * Houston * Tucson * Tulsa *« Salt Lake City 
terrify pressure and temperature tests, the welded units Minneapol ¢ ¢ Pittsburgh *« Rochester « Albany 
have gone through many cycles with excellent results. i. Saute o Gin Pedialees ¢ Wesnn (Phila) ° Aihens 
Lummus has also made one installation. in service now iinet Aten 6 Manat « leaden 6 Manlia 0 Viteates 
for over six months without a failure, having a design iti ol Maes * Lime * Sen Suen, P, BR. * Menico Clits 
pressure of 2900 psi, and requiring over 30,000 70-30 ’ 
cupro nickel tubes welded into steel tube sheets, Fabricated Piping Division Plant at East Chicago, Ind. 

The unit shown above, with a design pressure of 2,600 Steam Surface Condensers * Evaporators * Extraction 
psi, is being fitted with 76-30 cupro nickel tubes, Suc Bleeder Heaters * Steam Jet Air Ejectors * Steam Jet 
cessful installations have also been made with 80-20 Refrigeration * Barometric Condensers * Heat Ex- 
cupro nickel tubes changers for Process and Industrial Use * Process 


We lding-in of tubes eliminates the pos ibility of tube Conde rs * Pipe Line Coolers. 


==) LUMMUS 


THE LUMMUS COMPANY HEAT EXCHANGER DIVISION, 385 MADISON AVE., NEW YORK 17, N. Y. 
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82 METHOD MAY BE 


THE ANSWER FOR You 


and chlorides, a so 
@ Calcium hardne 
es 


than 50 Ppm; and sulphates 
less than 150 ppm. 
YP can be as much as 5 


Gter up to 50 Ppm 


dium salts, are 
ss of make 


100 ppm, 
ilica content of Makeup w 


@ Where non 


Act today to 
alco Syste 


onic waste water 'S required 


get the certain, low-cost 
m. Full data on Nal 


NATIONAL ALUMINATE CORPORATION 
6234 West 66th Place 


. Chicago 38, illinois 
In Canada Alchem Limited, Burlington, Ontario 


Protection of The 
CO 82 in free Bulletin 68. 
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You'll find that versatility is an inherent quality 
in B-L’s design for furnace walls and arches. 
Thermal problems—erosion hazards—de- 
sired end results—are factors that govern 

the final design. That's why you see so 
many B-L installations through industry. 

After all, they provide long, depend- 

able service at a low, low cost. 

More information? Write today. 


*REGISTERED TRADE MARK 


BIGELOW-LIPTAR /oporation 


AND BIGELOW-LIPTAK EXPORT CORPORATION 
2550 WEST GRAND BOULEVARD, DETROIT 6, MICHIGAN 


UNIT-SUSPENDED WALLS AND ARCHES 
Iu Canada: WGELOW-AIPTAK OF CANADA, t1D., “7oreate, Ontario 


ATLANTA « BOSTON + BUFFALO + CHICAGO + CINCINNATI « CLEVELAND + DENVER + HOUSTON + KANSAS CITY, MO. + LOS ANGELES - MINNEAPOLIS « NEW TORK 
PITTSBURGH + PORTLAND, ORE. « ST. LOWIS « ST. PAUL + SALT LAKE CITY + SAN FRANCISCO « SAULT STE. MARIE, MICH. + SEATTLE + TULSA + VANCOUVER, B.C. 
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This helpful new booklet tells you 
How flange surfaces 


affect gasket 


iF YOU BUY, specify or design joints requiring gas- 
kets, you will find helpful information in this new 
booklet. It provides a basis for selecting the flange 
surface finish most suitable for a given gasket. It 
explains why the right finish makes it easy to form 
the initial seal and obtain the best joint perform- 
ance in service. 

This booklet is the latest in a series of technical 
publications issued by Johns-Manville under the 
collective title “The Gasket.” It is based on studies 


performance 


made at the Johns-Manville Research Center, larg- 
est laboratory of its kind in the world. It incorpo- 
rates the long experience of Johns-Manville engi- 
neers in the design of gaskets such as asbestos, 
fibre and composition types, asbestos-metallic and 
all-metal gaskets. 


Booklet offered without charge 


To secure your copy of this study, write for ‘The 
Gasket,” PK-48A No. 7. Address Johns-Manville, Box 
60, N. Y. 16; in Canada, 199 Bay St., Toronto 1, Ont. 


Johns-Manville PACKINGS & GASKETS 


ovcre 
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From a tiny trickle to a mighty 


American 
Blower 


Reports on progress 
in power 


] Duke Power's Buck Plant (above) near Salisbury, At the Dan River Plant near Draper, N.C., a new 
* N.C., increased capacity by 250,000 kw in 1953. Two 150,000 kw unit is under construction, to be completed 
new generating units, recently completed, also added in 1955. Two other Duke Power plants are: Cliffside neat 
266,000 kw to the Riverbend Plant near Charlotte, N.C Shelby, N.C. and Lee near Greenville, $.C 





American Blower Gyrol Fluid Drive type VS, 3 Four American Blower Forced Draft Fans are 

* class 6 — provides smooth, adjustable speed control * installed in Duke Power's Riverbend Plant. Each 

of a boiler teed pump. It is coupled with a 1750 hp has a capacity of 143,000 cim @ i00°F @ 1180 rpm 
motor in the Buck Plant @ 406 bhp 
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2,211,000 kw—that’s Duke Power! 


Duke Power installed these four American Blower 
* Induced Draft Fans at the Buck Plant. Each is 
driven through a type VS, class 4 American Blower 
Gvrol Fluid Drive 


Rated @ 234.000 clm @ 296°F @ 637 bhp each 
‘of these four American Blower Induced Draft 
Fans at the Riverbend Plant is coupled with an 
American Blower Gvrol Fluid Drive 
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In its tremendous expansion, another 
leading power company chooses Ameri- 


can Blower equipment 


> April I, 1904, a power line from a small 
hydroelectric plant at India Hook Shoals 
S.( was completed to Rock Hill, S.C. This was 
the simple beginning of the Duke Power Company 
system ... a system that today serves over half a 
million customers in a 20,000-square mile area in 
the Piedmont Carolinas — supplying electricity for 
some 359% of the nation’s textile spindles ... . a 
system that through continued expansion will have 
an estimated capacity of 2,211,000 kw in 1955! 


Planning far ahead of customers’ needs 1s basi 
to this progressive, investor-owned utility, During 
the eight years from 1946 through 1953, Duke 
Power spent $231,000,000 to expand facilities, in 
cluding $6,000,000 for the South's first steel-tower 
230 kw line. Present plans call for additional 
expenditures, through 1964, of $30,000,000 annu 
ally. Duke Power is surging ahead with a dramatic 
fifty years of generating electricity behind them! 


Supplying dependable air handling equipment 
and Grol Fluid Drives is the important part 
American Blower plays in Duke Power's tremen 
dous expansion, (See pictures and captions.) It's 
a big role, one that is being duplicated in leading 
power and industrial plants everywhere, 


If your future calls for expansion or moderniza 
tion, talk over your plans and problems with an 
experienced American Blower representative, tle 
can recommend efficient, economical equipment 
including Mechanical Draft Fans, Fly Ash Precipi 
tators, Dust Collectors, Heavy Duty Steam Coils 
and Gyrol Fluid Drives for boiler feed pump and 
fan control. Call your nearest American Blowe1 
Branch Office. 


AMERICAN BLOWEF CORPORATION, DETROIT 32, MICHIGAN 
CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of American Radiator & Standard Senitary Corporation 


AMERICAN (@) BLOWER 


#ee* 


Serving home and industry: 


AMERICAN-STAMDARD «6+ «= AMERICAN BLOWER = + «= CHURCH SEATS A WALL TLE OST ROIT 
CONTROLS + KEWANEE BOULERS = ©+ ROSS EXCHANGERS §=6©+  ‘SUNBLAM Am CONDITIONIES 


27 





Fly 
Solved By Central Station 


This Pennsylvania utility felt that as long as you can see 


dirty stack discharge, you have a problem. To solve it, 


they decided to insist on fly ash collection equipment 


with very high efficiency 


The electrical precipitators they chose, which were 


plac ed after existing mee hanical collectors, are Cottrells, 
Research-Cottrell. Their effec- 


tiveness is demonstrated in the above unretouched photo- 


designed and built by 
graphs. At the left, the precipitators were turned off long 
enough to take the picture showing the volume of fly ash 
discharged by the boilers. At the right, the precipitators 
are turned back on. Stack discharge is visually clean. 

This is another example of industry's trend toward 
establishing its own higher standards for nuisance abate- 
ment. Research-Cottrell, which has made more fly ash 
installations than any other company, cites the following 
comparison: 

In the period from 1923 to 1939 only 11% of its power 
plant customers specified fly ash collection efficiency of 95 
to 98%. In recent years, that 11%,has risen to fully 90%. 


Ash Problem 


One reason, of course, is the generally increasing em- 
phasis on community relations. Another factor is that far- 
sighted companies are anticipating stricter smoke regula- 
tions. They are anxious to install equipment that will end 
their smoke problems now and also prevent such problems 
from occurring in the future 

Still another factor is this. In recent years, with modern 
coal pulverization and advanced boiler design, there has 
been an increase in the fineness of fly ash particles. This 
calls for the most efhicient equipment available. 

Read—in Bulletins FA and Ml—about Cottrell equip- 
ment and the Research-Cottrell’s MI Rapper. This device 
eliminates rapping puffs and enables the precipitator to 
maintain, 


continuously, its high collection efficiency. 


Write for your copies today. 


RESEARCH-COTTRELL, INC. 
A WHOLLY OWNED SUBSIDIARY OF RESEARCH CORPORATION 


Main Office and Plant: Bound Brook, N. J 
405 Lexington Ave., New York 17, N.Y. + Grant Building, Pittsburgh 19, Pa. 
228 N. La Salle St., Chicago 1, lil. « 111 Sutter St., San Francisco 4, Cal. 
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This is one field where gouging pays off 
handsomely . at least when it’s done by 
the device pictured above, a weld prober 
which gouges out boat-shaped samples of 
metal from piping that has seen lengthy 
service under high-temperature, high-pres- 
sure conditions. 

When these samples are polished, etched, 
and then diagnosed under metallographic 
microscope their evaluation provides basic 
information in studies of graphitization, the 
phenomenon which prior to 1943 was con- 
sidered of only academic interest. 

Through the microscope and by means of 
mechanical tests Kellogg metallurgists carry 
on a continuous search for evidence of gra- 
phitization. They are hunting particularly 
for what they call the “eyebrow” or chain 
type of graphite. It is these malformations 
that cause planes of weakness in carbon 
steel and carbon moly power piping . 
weaknesses that can result in serious failures. 


OTHER Ff 
Colemas... Drums and Shells 


« M. W. Kellogg Company 


PRODUCTS include: Pressure Vessels 
Heat Exchangers... Process Piping... Bends and Weaders .. . Forged and Welded Fittings 


FABRICATED PRODUCTS DIVISION 


THE M. W. KELLOGG COMPANY 
225 Broadway, New York 7, N. Y. 


In Canada—Tthe Cenedien Kellogg Company, Limited, at Toronte and Edmonton 
in Evrope—Kellegg International Corporation, at London 


Consider the 
value of 


| Graphitization 


studies... 


...When critical power 


piping is the order 


Although exactly why graphite forms is 
not definitely known, metallurgists have al- 
ready come up with positive methods of in- 
hibiting it. Still Kellogg specialists continue 
their research, endeavoring to pinpoint the 
exact causes of graphitization and to im- 
prove fabricating techniques and materials. 
More than 6,000 test pieces have been 
gouged out of actual service piping and eval- 
uated by Kellogg technicians in the past 
decade. 

Continual metallurgical research such as 
this graphitization program is just one of 
the basic reasons why any utility company 
obtains a valuable plus when it specifies .. . 
main steam and reheat piping by Kellogg. 


* * * 


New Power Piping Booklet Published... Send for descrip- 
tive literature about Kellogg’s extensive facilities 
for assuring the highest quality workmanship. 
A section of the booklet is devoted to detailed 
coverage of the K-Weld* process, 





Vaceum Vessels... Fractionating 
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FUEL SAVING 


HACGAN 


automatic control \systems 


. 


HACGAN 


ring balanee instruments 
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IS our business 


The primary purposes of every installation of Hagan Automatic Combustion Control and 
Instrumentation are to save fuel, and to provide the indications and records which guide the 
operators in maintaining maximum efficiency. 

Each component of a Hagan System is selected to perform a specific function accurately 
and dependably, and to coordinate smoothly with all other related components in the system. 

Back of every system, irrespective of size, there are more than thirty-five years of expe- 
rience in. development, design and application of Automatic Combustion Control and Instru 
mentation, As a result, Hagan Systems are easy to install, easy to calibrate and easy to keep 


in topnotch operation. 


These typical applications emphasize the versatility of Hagan equipment and Haga: 
methods: 


e Automatic combustion control systems for e Recording, indicating and totalizing flows 
boilers of any size and pressure, burning all liquids, vapors and gases. Interchangeable sensin; 
types of fue Ils, singly or in multiple. elements are available for full scale differentials 


from 1” to 560” WC, 
e Boiler drum water level control, with auto 


matic correction available for such factors as ¢ Simultaneous records of two separate flows 
boiler load and boiler water density. measured in a single meter housing. Flows ma 


be added or subtracted. 
e Automatic control of gas and air temperatures 


for air preheaters e Pressure and temperature compensated record 


of steam and gas flows. 
e Draft and pressure controls for a continuous 


range from high vacuum to 5000 psig ¢ Density compensated records of liquid flow 


level. or for gas flows. 
. Superhe ited steam t mperature control, 


e Pneumatic and electric signal transmitter 
e Pressure and temperature controls for feed © 


water heaters e Flow ratio control for liquids and gases 


Our engineer vill be glad to suggest the Automatic Control and Instrumentation to fit your 


requirements. 


Haga n Corporation 


HAGAN BUILDING PITTSBURGH 30, PENNSYLVANIA 


Boiler Combustion Control Systems « Ring Balance Flow and 
Pre e Instruments « Metallurgical Furnace Control Systems 
( 


ontrol Systems for Automotive and Aeronautical Testing Facilities 
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Here's a cure for two of the troubles that beset operators of 
stoker-fired water wall boilers 

E. Keeler Company, boiler manufacturer, has used CARBOFRAX“ 
silicon carbide blocks, molded to fit snugly around the tubes where 
they connect to the headers. Since slag does not fuse to this hard, 
smooth material, these blocks prevent clinker build-up, protecting 
both the tubes and back-up lining. 

The hot face of the CARBOFRAX blocks actually helps combus Cutaway view of 500 H.P. 

le d when the boiler i _- low and steam generator built 
tion, Ignition is maintained when the boiler is running at low anc by E. Keeler Co., 
variable ratings. And abrasion by sharp coal particles makes so Williamsport, Pa., 
little impression that, after a test run of three years, the blocks were Cows location of woter 
. ioe , wall armor made from 

described by Keeler engineers as “showing no apparent wear on CARBOFRAX blocks (right 
the furnace surface. We believe they will last almost indefinitely.” 


> . > 
You'll find the answers to many problems of this sort in 
our free booklet, “Super Refractories for Boiler Furnaces.” 
Address Dept. E-124, Refractories Div., The Carborundum 
Co., Perth Amboy, N. J. 


CARBORUNDUM 


Registered Trade Mark 
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Hennepin Power Station, Illinois Power Company. Steam 
Capacity 525,000 lb/hr. Consulting Engineers; Sargent & Lundy 


This plant's 75,000 KW turbo-generator must operate 
continuously at high efficiency. 

Tips of turbine blades turn at speed faster than sound 
At these speeds, slight amounts of silica in make-up 
water quickly build dangerous deposits—destroy tur- 
bine efficiency, cause costly shutdowns 

To prevent these troubles, all make-up water is de- 
mineralized by the Permutit equipment shown below 
Silica is reduced from a harmful 14 ppm to as low as 
Total dissolved solids are re- 





0.02 ppm—at low cost! 
duced from 298 to 1.0 ppm! 


re 


Permutit Demineralizers 
deliver highest purity make-up 
for Illinois Power Company's r 
new 1450 psi steam generator 








This keeps 76 miles of boiler tubing free of scale with 


little or no blowdown. It permits the high heat-transfer 
rates demanded with 1010° F steam at 1450 psi 

Write to us for aid in solving your water problem, Per- 
mutit makes the world’s most complete line of ion ex- 
changers and water conditioning equipment. We can 
help save you time and money with the one combination 
that best suits your needs 

The Permutit Company, Dept. (-2, 330 West 42nd 
Street, New York 36, N. Y., or Permutit Company of 
Canada, Ltd., 6975 Jeanne Mance Street, Montreal. 


. Automatic Permutit O units remove metallic 
cations from well water supply 


. Permutit Degasifier removes CO,, reducing 
operating cost 
Automatic Permutit 8S units remove remaining trou- 
blesome mineral impurities by anion exchange 


lon Exchange and Water Conditioning Headquarters for Over 40 Years. 


J 
PERMUTIT 


Peel cell eal” 
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It seems especially fitting that the two most notable power projects of our times should 
have been undertaken in 1954 — the year of Light’s Diamond Jubilee. These projects are 


World's most efficient power plant. To be built by Philadelphia Electric Company, 
this new station will have a turbine-generator unit rated at 275,000 kw —the largest 
single-shaft unit ever ordered — which will receive steam at 5,000 psi throttle pressure 
and 1200F (initial operation — 1150F). The expected heat rate at initial conditions 
is 8400 Btu per kwhr. The steam generating unit will be furnished by Combustion 
Engineering and will generate steam at the highest pressure and temperature of any 
existing or projected power plant in the world. It will be a C-E Sulzer Monotube Steam 
Generator of the super-pressure “once-through” type, using forced circulation. Maximum 
design conditions are 6,000 psi and 1200 F, with double reheat, both stages at 1050 F. 


America’s first nuclear power station. To be built and operated by the Duquesne Light 
Company, this will be the first U.S. commercial-size nuclear power station. The heart 
of this plant — the giant pressure vessel that will house the reactor — will be manufactured 
by Combustion Engineering for the Westinghouse Electric Corporation, which has the 

! A.E.C. contract to build the reactor. This vessel, one of the heaviest-walled vessels ever 
made, will contain an atomic core of more than 10 tons of enriched uranium. While 
substantial effects of nuclear power on our economy may not he felt for the next decade 
or two, Combustion through its Nuclear Power Division, is carrying on extensive develop- 
ment in this field, looking toward the day when power from the atom will be commonplace 

. rather than revolutionary. 

tisk 3, eee 

Combustion Engineering, associated with many of the installations that have made 

power history during the past three decades, takes special pride in the important part 


it will have in these two most notable projects of the new power era. 





COMBUSTION ENGINEERING 


Combustion Engineering Building « 200 Madison Avenue, New York 16, N.Y. 


B-785A 


BOILERS, FUEL BUPNING & RELATED EQUIPMENT; PULVERITERS, AIR SEPARATORS & FLASH DRYING SYSTEMS; PRESSURE VESSELS; AUTOMATIC WATER HEATERS, SOIL PIPE: 











Because there are so many ways 
to go wrong in selecting the 
proper seal when fluids are con- 
fined at pressures to 4,000 Ibs. . . 


Because exact performance data 
is essential when choosing a 
gasket to confine fluids at 
temperatures up to 2000° F... 


Engineers come to the Flexitallic 
“storehouse” of gasket experience 
on important sealing assignments. 
Here is performance data on 
Flexitallic Spiral- Wound Gaskets 
in thousands of applications, 
under the most difficult sealing 
conditions... more than 40 years 
of finding the right gasket for the 
right flange to make the proper 
seal. 

Flexitallic Spiral-Wound Gas- 
kets, with their uniquely resilient 
copes peties, offer the basic 
_—— ages of Jow seating stress 

a ——egeend 19 


See Ch 














eet specific conditions 


for Flesitallic Blue 


FINDING THE ONE RIG 



























of thermdy and physical shock, 
corrosion vibration, weaving and 
unpredictable joint stresses. 
Spirally-wound V-crimped plies 
of required metal with alternating 
plies of proper filler results in a 
resilient gasket having character- 
istics of a calibrated spring. 


Flexitallic Gaskets are at highest 
efficiency when bolied up cold at 
a predetermined load. For all 
pressure/temperature ranges 
from vacuum to 10,000 Ibs., from 
extreme sub-zero to 2000° F. For 
all standard joint assemblies. In 
four thicknesses for special re- 
quirements: .125”, .175”, .250", 
.285”. In diameters to 84” O. D. 


FLEXITALLIC GASKET CO. 
8th & Bailey Sts., Camden 2, N. J. 


Representatives in principal cities 


Cf7~ - 


® 
SPIRAL-WOUND GASKETS 





FLANGES, PRESSURE VESSELS AND PROCESS EQUIPMENT 


*Not all spiral-wound gaskets are Flexitallic. Look for the name FLEXITALLIC 
stam, into the metal spiral of every genuine Flexitallic Gasket. Look 
it's our exclusive blue-dyed Canadian asbestos filler 
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Observations at the ASME 
Annual Meeting 


to the Annual Meeting 
Mechanical 


In searching for an analogy 
of The 
is questionable whether the characteristics of a twelve 
ring circus or the class schedule of a large university are 
inore apt \ctually the 1954 meeting took on some of 
the aspects of both, for the scheduling of as many as 
twelve simultaneous offered about as much 
intellectual fare at one time as Ringling Brothers, Bar 
and Bailey ever proposed for the entertainment 

Nor is the fanfare absent, for ASME has become 
ippreciably more publicity conscious and far more en 


American Society of Engineers it 


Sessions 


num 
world 
ergetic in its dissemination 
But looking beneath the program that 


technical 


surface ol a 
highs by reason of 124 


350 technical papers, what do we 


proclaimed record 


sessions and nearly 


find? One subjective impression from reading a sub 
tantial proportion of these papers is that the number of 
of potential long-term technical 
meager. In all many 
quality has been sacrificed. To fill out a program that 
ilready may seem to be too full program-making agencies 


have had to solicit some papers that fall into one or more 


ignificant contributions 


importance 1s rather too cases 


those previously presented 
with enough modification 


(2) those that are on 


of these 


itegories 
hefore other usually 
to justify 


the borderline of commercial good taste, though Society 


ZTOUps, 
i slight change in title; 


review procedures should eliminate them; and (3) those 
representing such a narrow degree of specialization that 
they may he i division conference 
than for 


To turn away from the 


more appropriate tor 
a general meeting 
ol the 


technical side program, 


words ol praise ind ippre (iation are deserved by Lewis 
kK. Silleox for his inspiring leadership during his term 
is president of ASME 
tunity to talk with him are 
the humanitarian spirit that are an expected adjunct of 
Dr. Silleox's ire equally a part of the man 
He has shown by fine example that the materialism of 
engineering need not overwhelm the spiritual forces of 
human beings. It is extremely gratifying that a great 
professional and technical society should have that kind 


Chose who have had an oppor 
aware that the idealism and 


iddresse 


of leadership 

What has been written of the ASME Annual Meeting 
Many 
members of the Society as well as its capable staff are 


is intended in a spirit of constructive criticism 


quite aware of the problems, some of which are closely 
akin to dilemmas. ASME now enters upon its 75th 
Anniversary Year, and there is every reason to believe 
that David W. R. Morgan, the incoming president, will 
with the 


guide the Society same wisdom and foresight 
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that was exerted by its founders and perpetuated by the 
distinguished succession of ASME presidents 


Locating Suitable Power Plant Sites 


released Sixth Reports and Accounts 
of the British Electric Authority for 1953-1954 carried 
for the second year in succession a discussion of the 
difliculties facing the BEA in locating suitable power 
sites for new plant construction. Their difficulties, 
in the main, are not too different from those that plague 
U. S But in the problem of 
ample their 
One phase of this cooling water problem particularly 


The recently 


power systems one 


cooling water problem is more acute. 


interested us because of its foreboding overtones. 

In the 1953-1954 Report reference was made to an 
appeal on the part of the Authority to the Minister of 
Government for relief from re 


Housing and Local 


strictions threatened by a local river control group, the 


Yorkshire Ouse River Board, against a proposed new 
power plant triefly, local river boards came into 
being and were granted certaim regulatory authority 


over the use of 
England at the time of the Rivers (Prevention of Pol 
lution) Act of 1951 and its corresponding Scottish Act 
The Act gives the appropriate River Board the right 
of consent, subject to certain definite conditions, before 
(1) any new or altered outlet for the discharge of trade 
or sewage effluent or (2) any new type of discharge can 
be made to a 1952-1953 difficulties arose 
with the Yorkshire Ouse River Board in connection with 
to such consents, relating in the 


a discharge into mdividual streams in 


stream In 


conditions attached 
main to the degree of temperature at which water passed 
through the steam condensers should be returned to the 
“iver 

As a result of the Authority appeal the Minister, 
the Authority and the River Board agreed on an in 
terim trial period during which detailed observations 
would be made to ascertain the effect of the discharge 
of warm water on In the light of 
these observations final conditions as to discharge tem 


river conditions 
perature will be determined 
The task of evaluating the 
physical effects that 
i river bed, its vegetable and animal life is extremely 
difficult. But over and above this apparent difficulty 
is the 


complex chemical and 
a warm water discharge has upon 


burden of setting a precedent. In fairness to 
all concerned the task should not be hurried. What's 
more the results should be thoroughly sifted, questioned 
and discussed before any recommendations are made 
Here is one instance where local interests must be played 
down and the gravity of restrictions played up against 
the back drop of establishing a dangerous precedent 
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Aurora Steam Electric Station of the Minnesota 


Fig. | 


Power & Light Co. where a steaming unit operating under 


typical load conditions, first on Western Kentucky coal, was 
transferred over to a Canadian lignite for performance test 


Standard Pulverizing Equipment 


By ALEXANDER BOGOT 


Combustion Engineering, Inc. 
and 


GEORGE E. GANDSEY 


Combustion Engineering, Inc. 


HE power generating field is constantly seeking to 
und’ the lower grade, lower 


reduce its energy costs 


fuels carry a definite appeal on this count 


uch fuel that has become increasingly at 
Many plants 


cost 


Lignite 1s on 


tractive m certam areas of the country 
have proved it can bn burned by one ol several methods 
including ition If the handling, 


and combustion of lignite can be carried out with existing 


pulvert preparation 


standard equipment then this fuel can be economically 


put to immediate advantage rhe answer can only come 
from subjecting field equipment to test under typical 
operating condition 


guipment Des ription 


Minnesota Power & Light 
thet Steam 


to perform a number of highly 


Through the courtesy of the 
Lo. a unit 
Electric Station, Fig 
significant pulverizing and burning tests using lignite as 
fuel The test boiler was the No Aurora, Fig 
2, a 3-drum boiler with standard pulverized coal burning 
tangential rated at 
it 1450 psi and 955 F at the 


was made available at \urora 


1 unit at 


equipment and tilting burners, 


$25,000 Ib of steam per hr 


3 


The greater fuel flexibility designed into 
today’s steam generating units has 
equipped therm to give creditable per- 
formance with fuels considerably outside 
any range originally envisioned. Here 
are some highly encouraging performance 
tests, established with lignite that was 
handled, prepared and fired by standard- 
ized equipment designed for bituminous 
coals. 


superheater outlet. Full steam temperature is guaran 
teed down to a rating of 300,000 Ib per hr, with a final 
steam temperature of 930 F predicted at a rating ol 
250,000 tb per hr itugments the tilt 
ing burners for temperature control. At full load the 
ur heater outlet air temperature available (no opening ot 
the superheater bypass damper) is a predicted 553 F and 
at 350,000 Ib per hr, Che furnace 
of wall blowers above the burners and r 


\ bypass dampet 


a predicted 531 F 
has one row 
tractable blowers before both the primary and secondary 
sections of the superheater 

Three C-E Bowl pulverizers, each equipped with a 
100-hp motor for driving the mill and its direct-connected 
exhauster, supply pulverized coal to the burners Phe 
pulverizers are rated at 19,000 lb per hr on Western Ken 
tucky coal having a Hardgrove grindability of 50 when 
grinding 70 per cent through a 200-mesh sieve 

Normally this coal has a heating value of 12,150 Btu 
On the day a 


Ken 


tucky coal for comparison purposes against the subse 


per Ib with 6 per cent motsture content 
preliminary test-was run at Aurora with Western 
quent lignite test runs, Table I, this coal showed a heat 
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Ki} LIGUNITE rt I MINNESOTA POWRE Mohit Ceo t RORA PATION 
Hoiler Dat 
lest No - 2 i lest No-- ! 4 ; i 
Fue \ +t : L.ignite lignite Lignute b wel W Ky. Coal Ligmite Lignite Lignite 
team Flow | ; Zu a 230) a Air leat 
Inlet { i 
Water Flow { ‘a7 wo 237 *) Ai Heat 
t Inlet 47 s i so 
phtr. Outlet ixce u 
Pre I s (mM) b24 un Air Heat. Inlet 5 
COs Air Heat 
Chutlet “ 144 14 C1 
phtr (iutlet ‘> Au Hleat 
Tem “4 uu Outlet “ou ry 
*Fdwtr Tem *Kxce Au 
to Eecor i SA one Air Heat wy 
*Fdwtr Tem (hutlet 
from Keor I ism ; p24 is. 
mas to Keo I 44 me 
*(Ja t« 
Heat 7 ( 657/646 725/713 620 624 
(,a8 from 
; Heat I x4 ’ 128/42 i444, 448 4/416 orts Damper Open 10 ‘ wi 6 
Lu from FLD hunt Damper Open 0 ‘1 17 bo 
Fan eal] 5 ” Burner Positior Dewree 12 ' 4 14 
Air to Aur Hi ‘ 25/125 ee | “Yu econdary Air 
\ir from Ais Burner Damy 
Heat I 187 / 587 128 (640 70 (5 ers 
t. Air Her Upper Aux. Air >» Open oo 1o0 TLD a0 
F.D. Out Upper Coal Air Open “0 0 m0 0 
er vic’ ve Ne ve Upper Center 
Aux. Air » Open ow ao Th a0 
Center Coal Ai Open ”) “ 0 0 
VD. Fas Lower Center 
Press 7 o Aux. Air i Open oo a) nth) 0 
Windbox Pre we ‘ t 0 Lower Coal Air Open Th 0 «0 a 
Furnace Dr we . “ 0 40 Lower Auxiliary 
Hoiler Outlet Air (per ow ty “0 “ 
Draft \A ‘ rT 
heon. Chutlet 
Draft w ¢ i 1 
lust Collect of 
Inlet Draft we oF s i ‘ 
i Par 
thon Mi i ' ‘ ‘ faken by test instrument, other readings taken from board 


Gives Good Performance With Lignite 


ing value of 11,910 Btu per Ib and a moisture content of 
13.3 per cent, test No lable | 
normal resulted from withdrawing the coal from storage 


rhis departure from 
during recent heavy snow \s compared with this usual 
fuel, a thousand tons of Canadian lignite of the analysis 


shown in Table II] was brought in for the test runs 


le Procedure 


rhree test runs, each of three- to four-hour duration, 
were made at 230,000, 329,000 and 351,000 Ib per hr of 
steam while burning lignite \ preliminary test was 


run at 291,000 Ib per hr while burning Western Kentucky 

coal, Table | 
Complete 

outlet were 


inlet and 


Phermo 


the heater 


to determine CQ, and ©, 


gas traverse ol air 
made 
couples at the same points supplied gas temperature in 
formation Thermocouples in test wells were used to 
the im temperature the feedwater 
temperature at the inlet and outlet. A 


thermocouple traverse of the duct was run to obtain air 


determine ste and 


economizer 


temperatures entering the Ljungstrom air heaters 


All three mills were checked for test data Phe com 
plete information necessary for the calculation of a mill 
heat balance was taken, however, from the center mill 


only his mill was chosen because it has a straight run 
of pipe at the exhauster discharge and would therefore 
the 


Moisture 


give most representative pulverized fuel samples 


analyses of the fuel entering and leaving the 


mills were run during the tests, using the toluene method 
ioisture in a Dean-Stark tube Mer 
were used for all mill temperatures 


ol 


and collecting the n 
cury thermometer 
Pitot 


taken im the 


tube readings for measurement flow 


hot air duct to the mill 


air were 
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Samiples were taken above the feeder every half hour 
for analyses of the raw fuel Phe dust collector hoppers 
and furnace bottom furnished fly-ash samples for com 


lable III 


bustible determination, 


Vill 


Pulverizer 


The three Bowl mill pulverizers had been in service 
from 3500-6900 hrs at the time of the 
serves the center set of burners was the mill 


test The center 
null whicl 
the 


loading of the mills during their first year of operation 1s 


with greatest number of hours he relative light 
due to the fact that the station makes up capacity only 
over and above that generated by water power 

\Ithough an initial inspection showed some wear on 
the grinding elements in the pulverizers, no adjustments 
of roll to ring clearance was deemed necessary Grind 
ing pressure for the first test run on lignite was the same 
as that used on the Western Kentucky coal 

After the Western Kentucky 


to lignite external adjustments were made to the classifier 


changeover from coal 
vanes to bring the fineness down to the desired amount 
When the first test run was over the roll pressure springs 
were externally adjusted with the mills in operation to 
the 


dropped a little with this change in compression 


iIncreas¢ grinding pressure Power requirements 

At 351,000 Ib per hr of steam output the mills ground 
12,050 Ib per hr of lignite at 65-68 per cent through the 
’00-mesh with 5-4 per cent on the 50-mesh and used 89.4 
per cent of the full motor load hp for 


quirement of 13.5 kw per ton 


a mull power re 
During this, the highest 
rating attempted with lignite, mill outlet temperature 
125 F 
cent 


rat 
per 


rhe lignite moisture content measured 36.4 


entering and 28 per cent leaving the mills 


39 





Fig. 2. Cross-sectional drawing of Unit No. | at Aurora 
Station. It is designed for 425,000 lb of steam per hr at 
1350 psi and 950 F using biturninous coal. There were three 
lignite test runs made with the highest at 351,000 lb per hr 


Fig. 3 Combustion characteristics produced by different 
excess air supplies during the lignite test runs curves, right 


Che relative humidity of this coal-air mixture was S| per 
Absolutely no difficulties occurred in handling 
this material 

lable V lists the results of the heat balance calcula 
tions worked up from test data on the center mill of the 
No, | unt at Aurora, Certain assumptions, though, 
had to be applied in these calculations. First, a constant 
of 13 Btu per tb of fuel was used for the heat of grinding 
Further, the ait tempering air were not 
hese values were obtained by measuring 
flow by 


cent 


leakage and 
measurable 
the hot air, 


balance and getting leakage air by the difference. In 


obtaining the total air moisture 
addition, radiatiou losses were figured at 5 per cent of 
the heat input on the basis of previous heat balance tests 
on bowl mills 

rhe 


varied considerably between tests 


to the pulverizers 
Phis, however, could 


unaccounted for heat input 
radiation loss, the 


For 


be the result of slight errors in the 
above assumptions and in the moisture analysis 
example, a | per cent change in moisture content of the 
fuel entering or leaving the mill would make about a 10 


per cent change in the unaccounted for heat input 


Boiler and Awtr Heater 


Che curves in Fig. 5 show test data for boiler perform 
with lignite firing compared to C-E 
performance with coal 
also indicates the data obtained on the equipment under 


Kentucky 


ance predicted 


\ single point on these curves 
run using Western coal 


a preliminary test 


40 


A POWER & 
AURORA STATION 


COMBUSTION 
CHARACTERISTICS 


2¢ 40 60 


EXCESS AIR PER CENT 


lable | includes the data for all curves in Fig. 5 as well as 
all other data obtained during the tests 

Che single point Western Kentucky coal preliminary 
falls very closely in with the manufacturer's 
predicted performance curve. On lignite, however, gas 
temperatures run above those predicted for coal Phis 
resulted from the greater mass flow over the superheater 


test line 


at any given load making it necessary to bypass some ot 
the gases around the superheater surface to maintain a 
constant steam temperature 

lable IV contains the heat balance calcula 
tions. These were calculated on the million Btu basis 
according to the ASME method with credit allowed to 
the steam air heater 


boiler 


Unfortunately at the time of the tests it was impossible 
to pull ashes before each of the three runs with lignite 
Phe only set of ash samples for lignite was obtained on 
the ash accumulated during the test run at 351,000 Ib per 
hr of steam output. As a result the combustible found 
in this set of samples was used in the heat balance calcu 


lations for the other two runs on lignite. However, the 


per cent of combustible in this one set of ash samples 


was so low that pessible variations during the other two 
runs would not have made any practical difference in the 
overall efficiency 

During the check run on Western Kentucky coal the 
overall efficiency reached 89.0 per cent, or about 0.65 per 
cent above that predicted for this rating For the three 
averaged 83.5 per 


runs on lignite the efhiciency cent 
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I! LIGNITE TESTS. -MINNESOTA 


Bow! 


Test N« - 


Mill No. -- 


*Mill Suction 

*Separator Top 
*Convertor Head Out 
*Exhaust. In 
*Exharst. Discharge 


Suct 
suct 


Pre 


Bulb 
Bulb 


Dry 
Wet 


*Tempering Air Temp I 
*Tempering Air Temp 
Rel. Humidity Cold 
*Air to Mill Temy 
*Air to Mill Temp 
*Mill Outlet Temy 
*Mill Outlet Temp 
Rel. Humifity at M 
Moist Fuel to Mil 
Moist. Fuel from M 
*Fuel to Mill 


Air 
Dry Bulb 
Wet Bulb 
Dry Bulb 
Wet Bulb 


Tem, 


Mill Amps 
Mill Voltage 
Mill Kw Input 
Mill Kw/Ton 


Classifier Vane Setting 

Fineness: On 50-Mesh 
Through 100- Mest 
Through 200-Mesh 


‘pring Compression 

Exh. Inlet Damper 

Hot Air Damper 

Tempering Air Damper P« 
Tramp Iron Spout Position 


65 
65 
»” 


Open 
Closed 


* Taken by test instrument, other readings taken from board 


The major difference, as expected, could be charged to 
the additional loss from the moisture in the lignite (H, + 
H,O), which was almost double this same loss on coal 

rhe total steam temperature when burning lignite at 
a boiler output of only 70,000 lb per hr was 900 F with 
the burners tilted up 27 degrees. With the bypass damp 
ers closed, full steam temperature of 950 F ob 
tained at 100,000 Ib per hr on lignite and at 175,000 Ib 
per hr on Western Kentucky coal. 

At the time of the boiler performance study a check 


was 


was made on the air heater balance, Table IV. Using 


the ratio of air temperature rise to the total heat head 


available (gas temperature to the heater less air tem 


NNESOTA HT CO 


rATION 


rABLE Ill LIGNITE TI I M POWER & LIG 


ORA 


Proximate Ana t Ultimate Analy 


Volatile ) Carbon 
Hydrogen 
Nitro 


(oxygen 


Fixed Carhor 
Moi 
Ash 


ture gen 


ulfur 


Btu 


ulfur 


Proximate 


Dust Collector 


Furnace Kottom 
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POWER & I AURORA 


Mill Data 


i! 
05 
100 

Closed 

Closed 


100 

100 
Closed 
Closed 


perature to the heater) at the 351,000 Ib per hr rating an 
actual air heater efficiency of 86.8 per cent was obtained 
for coal and 86.2 per cent for lignite as against a 
dicted 86.4 per cent for coal 


pre 


Burners 


The relative positions of the coal-air and auxiliary-air 
windbox dampers were changed when the transfer from 
Western Kentucky to lignite was made. This 
damper change controlled the location of the ignition 
point for the fuel-air mixture leaving the burners. For 
example with the coal-air dampers closed (leakage air 


cr val 


only past the dampers) the ignition took place about 12 


MINNESOTA IGHT CO, 


TATION 


LIGNITE TES!I POWER & I 


AURORA 


Hoiler Heat Balance 


l 2 $ 


W. Ky Lignite Lignite 


). 07 64 
He & He) 10 Ol i} 2h 
He) in Air Lo 0.08 0 04 
Radiation Lo 0.50 0. SO 
0.14 0.14 
Porat 16 326 17 we 
Air Heater Credit ; 0% 

: 15.47 
a4 O08 


Dry Gas Lo 


team 


fora. Losses 


‘ Air at 
Heater Inlet 
Air at 


Air 


x Air 
Heater (utlet 
Au n Product 
Air Heater 
Wet Products Kr 
Heater 
I 


eight there 
Heater 
Air Heater Leakage 
Air Heate 
ombust 


Air through 


for 
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LEAVING ECONOMIZER 
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PREDICTED ON COAL 

GNITE TesT 

COAL CHECK SINGLE PONT 
400 


BOILER RATING LB/ HR 


to 18 in. out from the burner tips. By opening the coal 
uir dampers this point of ignition could be moved in or 
out at will 
bustion of the fuel was rapid and complete 

At 351,000 Ib per hr output and with about 20 to 25 
the 
the lower drum elevation 


Flame stability proved excellent and com 


air heaters there was 
no visible flame There 
was a rather sharp drop off in rating on the unit at night, 
down to 70,000 lb per hr output with only two mills 


through the night. No sup 


per cent excess air entering 


above 


(eight burners) in service 


plementary fuel was needed either by use of the main oil 
The fires 


guns or the side pilot igniters at this low load 
were very stable and based on observed results two mills 


in service would give a load range of 4'/, to | on this fuel 


LIGNITE TESTS -MINNESOTA 


at Balance 


Test No . ; $ ‘ 


Fuel — Lignite Lignite Lignite 
158.3 
84 63 
Btu 422 8 
he 27 07.610 G4 


a4 C0 258.1 
53 64 83.24 
3.0 10 6 
20) 2. 700 


Unit Heat Output itu 
Unit K ficiency 
Unit Heat Input 


Unni Wt. Fuel Fired 


Spree Humidity Air 
Kat 
Spec. Humidity 


Air Coal Lvg 


oO OoOn6 o (my? 0 OOaY Oo OOnu 


O386 O.OT17 O O777 O O78 


Mill Puel " vf 7 22 13 
Moisture in Fuel 
4070 
Fuel ROO 
Moisture in Fuel 
44 2007 
Moisture Loss in 
24572 1073 
Dry Air ” ‘ 209 , Of 4.250 «426.450 
Air Ent. Mill. Pitot ” é 11.000 23 850 
Air Leakage 
rempering 


wh) OO 


Air 


MINNESOTA POWER & 
AURORA STATION 


i¢ 
1GnHh 


BURNER TILT CHARACTERISTIC 
RATING 230,000 LB/HR 


+10 +20 
DEGREES 


10 ¢] 
BURNER TILT 


Fig. 4—Burner tilt characteristic curve reflecting the 
change in steam temperature with change of burner tilt. 


Fig. 5—-Performance test curves for equipment on No. |! 
Unit at Aurora with lignite, a single, actual coal comparison 
check, Table I, and predicted values, left. 


By going to one pulverizer in service it is possible to antic 
ipate an overall unit range of 8 to | without the use of 
the side pilot igniters 

Throughout the 
evidences observed of any drifting or accumulations in 


test runs there were absolutely no 
the fuel piping, nozzles or burners 

\ burner tilt characteristic was run on lignite while the 
boiler a rating of 230,000 Ib per hr 
rhe burners were moved from a down tilt of 14 degrees 
to an up tilt of 27 degrees during which time the steam 
outlet temperature changed 97 degrees F. Fig 
the tilt characteristic curve. No flame nor incandescent 
particles were observed at the furnace outlet at this 


degree upward tilt 


was operating at 


+ shows 


7 
~f 


POWER & RORA 


rest } 
Heat Given by Air Btu 
Heat Given Due 
Criading 
Heat Given Tota 


Btu 
Btu 


Heat to Evap 
Moisture in Fue 
Heat to Raise 
Kvap Mousture 
Temp 
Heat to Raise 
Fuel to Temp 
Heat to Raine 
Moisture in Fue 
remp 10* Btu 
Heat to Raise 
Leakage Air to Temp 
Heat Lost Due 
to Radiation 
Heat Lost Total 


Btu 


Btu 
Btu 


Heat Unaceounted for Btu 


Heat Un 
for 
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the furnace outlet and ashpit 


irklers or glowing particles at any 


Visual observatior 
showed absolutely no 
during the lignite 
furnace Table III iz 
for combustible samples taken from 
As reported 


time runs, either in the ashpit or leay 


ing the idicates carbon contents 


he low 2 per cent 
dust collector hop] 


| irlier, 


d furnace bottom 


eI il 


during the various tests the lignite was ground to 


65-68 per cent through t ’00-mesh sieve with 2 to 4 per 


cent on the 50-mesh However, for one period of about 


the pulverizers were grinding to only 51-54 


200-mesh with 9 per cent on the 50- 


in hour, 
per cent through the 
mesh sieve Eve 

excellent 


this period the furnace looked 


with no lar irklers visible 


nace 
The wall so but not 
during, all of the 
with the burner 


yt blowers were operated before, 
After protracted opera 
an ash a 


tion downward tilt 


cumulation of a ver ht, spongy nature was found on 
wall easily removed 
ind burt tilt position 


eeling and sloughing off of the 


the furnacs Changes 


in rating produced a very 


noticeable and definit 
accumulated ash 
Furnace 
The units at Aurora have 
Btu per sq ft, eprs, based on 6585 sq ft, eprs. The 
furnace walls 


measured 
$1,000 
rate 


were not 
rate ol 


exit ga eratures 


heat release 
of accumulation of ash on the front and 
front bank of boiler generating tubes would indicate the 
conservative for pulverized 


above design figure ir 


& COPY OF CATALOG GIVING FULL DESCRIPTION O80 ENGINEERING BATA BERT UPON eequest 


FLEXIBLE COUPLING 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD 
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lignite burning. Further, frequent operation of wall 
type and retractable soot blowers would seem unneces 
Perhaps a row of wall blowers below, as well as 


erating aid 


Sary 


ibove, the burners would prove an oj 


Conclusion 


Aurora completely confirmed previous 
lignite. Namely the Bowl Mill will 
high moisture lignite with air temperatures for 
ing of from 550 to 650 F 

material leaving the 
through the 200-mesh sieve and a 
through the 


The tests at 
experie! with 


handle 
mill dry 


ices 


Fineness of pulverizer need not 


exceed 70 per cent 


?200-mesh 


fineness of 65 per cent sicve 1S 


completely adequate 

Tangential firing of lignite is extremely successful 
evidenced by the very low carbon loss, excellent ignition 
stability load 
cleanliness and performance 

Except for the extreme change in Btu per lb of fuel 
(12,200 down to 6800) and an inability of 
the automatic combustion control to perform its function, 
the change from the Western Kentucky coal to the high 
moisture Canadian lignite (36 to 38.5 per cent moisture) 
with no deleterious effect on the performance 


over a wide range and overall furnace 


accompanying 


was made 
of the equipment 

Equipment performance completely corroborates the 
, years experience established on a horizontally 
in North Dakota. 


earlier 2 
fired Bowl Mill installation for lignite 


UNEXPECTED 
BOILER TUBE 
FAILURES 


STOP 


improved mode! TURNER SCALE 
scale directly in 


This completely new and 
THICKNESS INDICATOR not 
thousandths of an inch, it is invaluable in locating pitted and 
eroded tubes prior to their failure, thus eliminating costly shut 
Write for technical data and intormation today 


only reads 


downs 


HASKINS-TURNER COMPANY 


1617 THIRD STREET JACKSON, MICHIGAN 





6 TANKS CLEANED IN 5 HOURS 


Chemical cleaning by DOWELL 
prepared 216,000-gallon oil tanks for 
conversion to sulfuric acid storage 


A steel company wanted to convert six 216,000-gallon 
tanks from fuel oil and gasoline storage to sulfuric acid 
storage. It was necessary to remove oil and tar film from 
the inside walls and ceilings of these tanks. 


Dowell engineers, using special high-pressure hoses and 
nozzles, sprayed thickened chemical solvents over all 
internal surfaces from the tank floor. No scaffolding was 


required. The thickened solvents clung to the tank walls 
during the cleaning process. The entire surfaces of all 
six tanks—including seams, rivets and braces—were 
cleaned in only five hours. 


Whatever your cleaning problem—pipe lines, boilers, 
process equipment, water wells—take it to Dowell. 
Their engineers have the experience, materials and 
equipment to help you cut cleaning costs—keep up 
production, Get in touch with the nearest of over 130 
offices or write direct to DOWELL INCORPORATED, Tulsa 
1, Oklahoma, Dept. L-25. 





Dowell engineers prepare solvents based on the type ol deposit to be removed. They furnish all 
necessary pumping and control equipment. And they apply the chemicals according to the te« hnique 
demanded by the job: filling, spraying, jetting, cascading or vaporizing. Dismantling is held to a minimum. 


DOWELL SERVICE 


chemical cleaning service for industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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Carbon-Molybdenum Steel Steam Pipe 


After 100,000 Hours of Service’ 


By R. J. SINNOTT and I. A.ROHRIG 


The Detroit Edison Company 


Rarely does the engineer or metallurgist 
have an opportunity to evaluate design 
considerations and laboratory data in 
terms of creep inservice. Carbon-molyb- 
denum steam pipe, carefully measured for 
service creep during 100,000 hr of opera- 
tion at 900 F, was subjected to laboratory 
examination after removal from service. 
Purpose was to check calculated service 
creep rates, assess creep damage, and to 
compare long-time performance predic- 
tion based on short-time laboratory data. 
Remarkable correlation was observed be- 
tween calculated service creep rates and 
those established by subsequent labora- 
tory creep testing. Full agreement wih 
average values used by the Subgroup on 
Allowable Stresses for Ferrous Materials of 
the ASME Boiler Code Committee in set- 
ting allowable stresses for this material 
was established for both creep and stress- 
rupture properties. 


HEN Unit No. 14 was being erected at the Del 
ray Power Plant of The Detroit Edison Com 
1938, the lack of reliable data on serv 
ice-life properties of metcls subjected to high tempera 


pany in 
tures was felt acutely rhe practice cf basing design on 
\000-hr high-temperature labora 
tests extrapolated to 100,000 or more hours has 
repeatedly been questioned 


stresses obtained by 
tory 
Designers accepted such 
data only because no better method of property predic 
tion of high-temperature characteristics has been avail 
able. It is the purpose of this paper to present (a) the 
results of creep measurements made on carbon-molyb 
denum pipe subjected to 100,000 hr of actual power 
of after-service laboratory test 
a discussion of service results as compared to 


plant service, (b) result 
ing, and (¢ 
properties predicted by laboratory testing prior to serv 


ce 
Service History 
With the installation of Unit No. 14, a service creep- 


* Presented at the Annual Meeting of The American Society of Mechanical 
Engineers, New York, N. Y December 2, 1954. Contributed by the Joint 
ASTM-ASME Committee on Effect of Temperature on Properties of Metals 
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J. W. FREEMAN and A. I. RUSH 


University of Michigan 


measurement program was initiated, Stainless steel- 
measuring points were arc-welded on the external sur- 
two 10-in. carbon-molybdenum 
steel pipes connecting the turbine emergency stop valve 
to the upper and lower steam chests of the turbine. The 
two Schedule 80 steam leads were designated as ‘North’ 
and ‘‘South”’ indicating their position with respect to the 
The buttons 
provide both diametral and axial measuring stations and 


Fig. | 


faces of nominal dia 


turbine. stainless-steel were located to 
were ground to give accurate measuring surfaces 
illustrates the measuring stations, 

Weighted average pressures and temperatures during 
the operating period are 835 psig and 900 F. Maximum 
temperature fluctuations of +20 deg F represent normal 
operating conditions 

Measurements were made at prevailing temperatures 
during five outage periods and were taken after the unit 
had cooled down and the thermal insulation removed 
from the locations undergoing test. Dimensions were 
measured with an outside micrometer caliper and a spe- 
cial micrometer trammel. Readings taken were corrected 


to a base temperature of 68 F. The results of these 
measurements are shown in Table I 

Plotted service creep calculations based on diametral 
measurements indicated a typical low stress creep versus 
time curve over the first 67,000 hr of operation; 
relatively rapid initial creep rate followed by a reduction 


in rate of creep, which is characteristic of material operat 


Viz, a 


ing under stress conditions producing creep at a low rate 
Total diameiral elongation at this time was observed to 
be in the order of 0.1 per cent, a relitively low value 
Che total axial elongation during the 67,000-hr period as 


REFERENCE BUTTONS 
FOR Axia. MEASUREMENT 


CPERENCE @ 
avetee wis 


Fig. 1—Sketch showing location of stainless-steel reference 
buttons used for axial length and diameter measurements 
during service of C-Mo pipe 


45 





determined by axial measurements did not exceed 0.03 


per cent and in most cases was considerably less 


After 75,500 hr of operation, weld samples removed 
from the 
South indicated the 
ranging from dispersed nodular in the valve joint to 
chain type in the pipe-to-pipe joints. At shutdown in 
tervals during the next 5000 hr of operation, all the 
welded joints in the turbine leads were first normalized at 
1725 F, and shortly thereafter all welds were gouged out, 
\fter 100,135 hr of opera 
turbine were re 


valve-to-pipe and pipe-to-pipe joints of the 


Connection presence of graphite 


rewelded and normalized 
tion, the carbon-molybdenum 


moved and replaced with chromium-molybdenum pipe, 


leads 


which is highly resistant to graphitization 

Final service measurements were made just 
prior to the pipe 
from service. Calculations based on diametral measure 
ments indicated a drastic increase in creep rate over the 
rate established at the end of the fourth period. Concern 
over the carbon-molybdenum pipe remaining in service 
in other portions of the system indicated the advisability 
of laboratory tests as a check on calculated service creep 


creep 


removal of the carbon-molybdenum 


rates 


Description of Material 


he pipe was ASTM A158-36 grade P1, schedule 80, 
made from National Tube Company's Heat 10043. The 
reported chemical composition was 

Per cent 
Carbon 0.13 
Manganese 0.45 
Silicon 0.131-0.135 
Molybdenum 0.60—0. 62 


Phe pipe was 10.75 in. OD by 0.593 in. wall. After 
bending and upsetting the ends, it had been given a full 
1900 F for 2 hr 


porte d as follows 


anneal at Physical properties were re 


60 , 880 
39,730 


rensile strength, psi 
Yield strength, psi 


Elongation in 2 in., per cent 15 


kx perimental Procedure 


Creer TRSTING 


Vorth both 


tangential and longitudinal specimens at the operating 


Connection Creep tests were run on 


temperature of 900 F and under the estimated operating 
In addition, tests were made under 
ASME 


stress of 7500 psi 


the present 12,500-psi allowable stress of the 
Boiler Code 
South 


longitudinal specimen were taken from the pipe 


One tangential specimen and one 
Creep 
specimens were run at 900 F under a 


Connection 


tests of these two 


stress of 7500 psi 


RUPTURE TESTING 


Vorth Connection. A stress-rupture curve was estab 
lished at 900 F for LSOO hr 
Longitudinal test In 


addition, a check test was run on a tangential specimen 


time periods up to nearly 


specimens were used for this 
which was tested at 37,000 psi, a stress intended to cause 


rupture in about 1400 hr 


46 


South Connection. ‘Tests were run on longitudinal and 
tangential specimens at a stress of 37,000 psi. 


Impact Tests 


North Connection. Charpy V-notch tests were made 
on both longitudinal and tangential specimens. Similar 
tests were made on the pipe material after it had been 
reheated 2 hr at 1900 F and furnace cooled. All of the 
Charpy V-notch specimens were tested at 80 F. No im 
pact tests were made on material from the South con 
nection 


TENSILE TESTS 
tests 


tests 


Vorth Connection. Room-temperature tensile 


were run on longitudinal specimens. No 
were made on material from the South connection 


tensile 


HARDNESS TESTS 


North Connection. Brinell hardness tests were run on 
eight sections representing the entire circumference of 
the pipe section 

South Connection. The Brinell 
mined on one section representing the South connection 


hardness was deter 


METALLOGRAPHIC EXAMINATION 


North Connection. A metallographic examination was 
made on sections through the center line of the measuring 
buttons representing the four quadrants of the North con 
nection, and, in addition, samples were taken adjacent to 
all of the test specimens 

South Connection. Samples were taken at one measur 
ing button and also adj cent to the creep and rupturs 


specimens 
> Jy 
Kesuils 


DIMENSIONAL MEASUREMENTS ON THE NORTH AND 


SouTH CONNECTIONS 


rhe measurements shown in Table I were made acro 

the diameters of the pipe at the reference buttons. It 
should be noted that at the time the reference buttons 
were attached, no attempt was made to keep the height 
of the uniform Accurate inside 
diameter measurement of the pipes was not readily ob 
tainable with the equipment available at the time of in 
initial ellipticity of th 


measuring buttons 


stallation. Therefore, 
pipes which may have existed was not detected, and was 
dur 


any 


not indicated by the diametral measurements made 
ing service No changes in diameter due to sectioning 
were observed The inside diameters were measured at 
both ends of the pipe ring containing the reference but 
tons and are Table I 
were made on the pipe diameters containing the referenc 


button Fur- 


recorded also in Measurements 


and at diameters between each 
circumferential length covered by the buttons 
with the 


buttons 
ther, the 
was determined as a 
lable I 

From these data, it 
the North connection 
South connection. 


matter of record results 
shown in 
the minimum 
4 Kis 
hese 


greatest in 


that 
was at the (4 


was observed 
diameter of 
ind at the 
diameters correspond to those showing the 


1-1) axis of the 


from creep as judged by the diametral measure 


crease } 


Consequently, it must be 


elliptical 1n 


ments taken during service 
that the pipes were originally 
shape and were becoming round during service 

rhe wall-thickness measurements indicated that both 


concluded 
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TABLE I DIAMETRAI REMED 5 OF 


oO! 


March 
26,037 Her 
1942 


ocation 


l 
l 


l 
l 
l 


$213 
3608 11 


2512 ! 
3137 1! 
4852 l 
S812 


Inside Diameter 


Bet ween 

2 ) 
666 9.665 
654 0.665 
575 0 SOR 


539 ’.611 


Q 
Y 
u 
u 


North connectior 


wuth connectior 


rcumferential Length Covered t Re 


North conne 
outh connection 


* All measurements corre 


sections varied by a maximum of approximately 0.025 to 
0.030 in., a variation which was well within the specified 
allowances for the ol pipe However, 
measurements were 


it should be 
alter 
ind that original wall thicknesses 


S17( 
emphasized that these made 
100,000 hr ol service 


were unknown 
CREEP RATES DURING SERVICI 


The average rates of creep during service were cal 
culated from the measurements taken on the measuring 
points during service Che results obtained from such 
measurements were used to calculate the creep rates by 
two separate and different approaches; namely, changes 
in diameter of the pipe, and changes in the perimeter of an 
ellipse having the dimensions established by the changes 
in diameter. The latter method is preferred; therefore, 
the results given for creep during service are based upon 
changes in the perimeter 


the 


# an ellipse having the dimen 
sions established by 
in Table I Che 

lable I] Fig. 2 


cumference of the pipes as 


leasurements of the pipe given 


results of these calculations are given in 


shows graphically the changes in cir 


a function of time and service 


The average circunilerents il ( reep rates during Service 
show the following 
a During the first ; 


tions was somewhat hi 


eriod, the creep rate of both se« 
her than 0.003 per cent per LOOO 


hr 


* NORTH CONNECTION 


CONNECTION 


SOUTH 


Fig. 2—Change in circumference of 10-in. C-Mo pipe during 
100,000 hr of service at 900 F under an operating stress of 
7500 psi 
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10-INCH SCHEDULE 80 ¢ 
SERVICI 


July 
13,832 He 

1944 
Diametral Over Stainless Steel Reference 
North 


2018 


$ 
sO0OS 


2545 
3153 
1708 
4808 


After Sectioning 


ARBON MOLYBDENUM PIPE DURING AND AFTER 100,000 HOURS 


Cold Relaxed 
Position After 
Removal/ Line 
100,135 Hr 


August 
135 He 
1051 


100 rot. Change 
» Periods 
Inche 

Posttws 

OL70 
O13! 
Olle 
O18 


818 
218 


Pp 
O41 
o2n1 
olay 
0071 {802 
Inches 

Bet ween Bet ween Bet ween 
2-3 K 3 

0.657 
0.653 
9.612 
0. 58S 


; 0. 646 
i) ay 0. 645 
r] 0. a78 
; 0.676 


ference Po Inche 


tion ono 


2. During the next three periods, the rates were less 
than 0.0022 per cent per 1000 hr. However, the mini 
mum creep rates were observed for both sections during 
the third period 
3. During the fifth period, the average rate for the 
South connection apparently increased to 0.0047 per cent 
per 1000 hr, whereas the creep rate for the North section 
was essentially the same as for the second and fourth 
periods 

It should be emphasized that the measurements made 
during service reflected very small changes in the diame 
ters Table I. Consequently, it would not 
appear that too much significance should be placed on 


the minor differences in creep rates observed for the dit 


is shown by 


ferent periods: i.e., the low creep rates calculated for the 


third period of operation. The somewhat higher average 
creep rates during the first period might have been ex 
pected due to the combined effects of primary creep and 
ot 


increased creep rate ol the South ec: 


possible relief stress concentrations. The apparent 
nnection during the 
fifth period is clouded by the effects of the removal of the 
old welds and the rewelding. It does appear highly signifi 
cant, however, that in general, the creep rates and total 
leformations, 


lation ( 


ure of the order expected from the extrapo 


1 laboratory da a 


TENSILE AND HARDNESS PROPERTI 


rensile tests conducted at room temperature gave the 
lable III. Material from all four quad 
rants had very uniform tensile strengths and ductility 

Yield strengths 
somewhat 


data shown in 


ilues ind proportional-limit valu 


iried There did not, however, appear to 
be a consistent relationship between specimen location 
nd variation in these values i 


Lack of specific comparative data raises the que tion of 


rABLI 
AR BON 
Al 


If 
MOLY 


ww} 


ATED kK 
M PIP! 
LZ ANO 


KEP RATI ol CHEDULI 
DURING 100.000 HOUR I 
MINAI rR OF 7500 PSI 


7] 


miferential Cree 

1000 Hour 

jorth outl 

onnection Conne 
(iA 
) OOF 

) (Het 


O OOM 
0 OO 
on 
OO1LAU 
00470 


0 


) OO140 0 


molt ) 


itting out 
jur 
n 


weld 
fifth 


nfluenced ¢ " reme 


the 





TABLE II! TENSILE PROPERTIE AT ROOM TEMPERATURI 

PROM THE NORTH CONNECTION C.Mo PIPE AP TER 100,000 HOURS 
of ERVICE AT 900 1 

Tensile Vield* Proportional Elonga 


Strength Point Limit tion in if 
Psi Psi Psi In 


Reduction 
of Area 


ypecimen 
Location 
2H 3. 000 16. 300 27,500 ‘4.4 
28h 54400 12 000 2.0 


‘BT 3 400 $2,100 27.000 41.34 
‘KB 54,900 8 000 12,500 42.0 


* Specimens showed a very sharp yield point so that thi also is the 


same as the offset yield streagth value 


whether the low tensile strength was the result of service 
or if it is characteristic of the somewhat high temperature 
and slow rate of cooling during the original heat treat 
ment. This heat treatment might be expected to give 
sonewhat lower tensile strength than those usually used 
for reported data for 0.5 Mo steel. For similar reasons, 
the yield strengths might have been expected to be low 
It, therefore, appears that service may have raised the 
yield points somewhat as would be expected 
Brinell hardness determinations were as follows 


Brinell 
hardness 
Number 


103-107 


Connection Location 


North Pop, side and bottom 
ot pipe 
South Side of pipe 101 
There did not appear to be a significant variation in 
hardness around the pipe circumference. The hardness 
values, like the tensile strength, appear to be somewhat 
low for 0.50 Mo steel. Apparently the hardness was 
characteristic of the original heat treatment, because re 
heat treatment at 1900 F for impact testing resulted in a 
Brinell hardness of 101 to 106. There is, therefore, no 
real evidence of softening during service 


IMPACT PROPERTIES 


Charpy V-notch tests were made at 80 F on specimens 
taken from the pipes as removed from service and after 
sections of the pipe had been given the original heat treat 
ment The data obtained, Table IV, indicate the follow 
ing 

1. The impact strength ranged from & to 11 ft-lb for 
the pipe material as removed from service 

2 Reheat treatment of the pipe material with the 
same nominal heat treatment as the original pipe gave an 
impact strength of 18 to 22.5 ft-lb 

3. The range in impact strengths was too small for 
any real significance to be attached to the difference in 
specimens taken longitudinally and tangentially or from 
the locations of estimated highest and lowest stress con- 
centrations. 

4. The influence of prolonged service at 900 F on the 
impact strength of 0.50 Mo steel is not well established. 
Such information as is available would indicate that some 


TABLE IV 


CHARPY V-NOTCH IMPACT PROPERTIES AT 80 F FOR 
PIPE METAI : 


FROM THE NORTH CONNECTION 
Impact Strength 
As Removed From Service rt-Lb) 
Tangential j 
Tangential 
Longitudinal 
Longitudinal 


Heated 2 Hours at 1000 F, Furnace Cooled 


Tangential 
Tangential 
Longitudinal 
Longitudinal 


Nore (1): Specimens were held 16 hours at 200 F after machining. Before 
testing the specimens were equalized to a temperature of 80 F by holding in a 
water bath at 80 F 


CREEP TEST DATA AT 900 F FOR 0.50 Mo STEEL PIPI 


APTER 100,000 HOURS OF SERVICE 


TABLE V 


Creep Rate.‘ 1000 
Hours at Indicated 
ime 
1000 Hours 2500 Hours 


Section Direction 


North 
North 
South 
South 
North 
North 


Longitudinal 7,500 0 002 
Tangential 7,500 ° 
Longitudinal 500 0. 002 
Tangential oO . 
Longitudinal 500 0.012 
Tangential 500 0.013 


0.010 
0.010 


n length during the firet few hours 
out to 1000 hours 


* These 
of testing and no measurable 


pecimens showed a decrease 
creep thereafter 


At least, that is the 
Consequently, it 


deterioration would be expected. 
usual 
would seem the observed values of 8 to 11 ft-lb do not 
appear unusual for material with the original heat treat 
ment used for the pipe in question. However, if the 
pipe had been normalized from 1650 F in place of 1900 
F, it is probable that the values would have been higher 
than 8 to 11 ft-lb. 


experience in creep-testing. 


LABORATORY CREEP-TEST PROPERTIES 


The creep-rate data obtained from the individual tests 
are shown in Table V, and the log stress-log creep rate 
curves derived from the creep-test data are shown in 
Fig. 3 rhe curves of Fig. 3 indicate that the stress for a 
creep rate of 0.01-per cent per 1000 hr was 12,500 psi 

Tests were run at two stress levels 

(a) 7500 psi—the stress corresponding to the operating 
stress during service calculated by The Detroit Edison 
Company. The measured creep rates ranged from less 
than 0.001 to 0.002 per cent per 1000 hr. These rates are 
not considered as precisely established because the sen- 
sitivity of the extensometer system, particularly for the 
l-in. gage lengths of the tangential specimens, was too 
low to give exact values. There is no doubt, however, 
that the creep rates were of the order of 0.001 per cent 
per 1000 br 

(6) 12,5090 psi — the stress corresponding to the present 
allowable stress under the ASME Boiler Code. Both a 
longitudinal and a tangential specimen from the North 
connection gave final secondary creep rates of 0.01 per 
cent per 1000 hr. 

Tangential, as well as longitudinal, specimens were 
tested because the creep during service was largely cir 
cumferential and it was felt that creep characteristics 
should be established for material with the same orienta 
tion as the service creep. The absence of any substantial 
difference between the two types of specimens appears 
somewhat unusual, because specimens taken across the 
direction of metal flow during working usually have 
slightly higher creep resistance. The absence of specifi 


rABLE VI--RUPTURE.TESI 


DATA AT 906 F FOR 0.50 MO STEEI 
PIPE AFTER 100,000 HOURS OF SERVICE 


Elongation Reduction 
of Area 


Rupture 
Time (% in 
Hours) 1.5 In 


™iress 
Specimen Location Psi 
North Connection 
longitudinal 42,700 5.1 
longitudinal 40 000 
longitudinal 38 000 775 
longitudinal $6. 000 1803 
. tangential 37,000 1482 
South Connection 
37.000 1558 
37,000 1349 


SA3 L2 
SA3 RI 


longitudinal 
tangential 23.0* 


* Tangential specimens were 0.250 inch in diameter with a l-inch gage 


length 
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Fig. 3—Stress-creep rate data for 0.5 Mo steel steam pipe 
after 100,000 hr service at 900 F 


data on this point for pipe produced and heat-treated in 
the same way as the pipe tested, however, make this un 
certain for the particular case. 

rhe tangential specimens tested at 7500 psi showed a 
decrease in length during the first few hours of testing. 
Ihe reason for this is uncertain. It could have been due 
to relief of 


testing technique variables 


some complex internal stress system or to 
Careful review of the test 
ing procedure showed no reason to believe that it was 
testing technique 

The 7500-psi tests on specimens from the North and 
South connections did not show a significent difference in 
creep rate. The creep rates were so low, however, that it 
is not certain that some difference in creep resistance did 
not exist 


RUPTURE-TEST PROPERTIES 

The data obtained from the rupture tests are given in 
lable VI and are plotted as the usual log stress-log rup 
ture time curve in Fig. 4. From this curve, the following 


rupture strengths at 900 F have been estimated 
Stress in psi for rupture in indicated time periods at 
900 F 


10,000-hr 
33,000 


100,000-hr 
29, 000 


100-hr 1000-hr 


37,500 37,000 

The extrapolation to 10,000 and 100,000 hr appears 
somewhat uncertain in that there seems to be a break in 
the slope of the stress-rupture curve at about 1000 hr. 
The tests at longer time periods are insufficient to define 
the slope of the curve for longer time periods with cer 


tainty. The curve has been extended using the greatest 


slope (lowest strengths) indicated by the available data. 
values 
rhe short-time elongation was ap- 
lests between 1000 and 2000 
hr in duration showed elongations between 30 and 20 per 
There was no significant difference between longi 
specimens or between the two pipe 


Elongation and reduction-of-area decreased 
with rupture time 


proximately 40 per cent 


cent 
tudinal and tangential 
sections 


METALLOGRAPHIC EXAMINATION 


Test specimens were taken adjacent to or between 
measuring buttons. The microstructures typical of the 
test specimens were as follows 

1. The 
spheroidized pearlit 


microstructures ferrite and slightly 


In addition, there were appar 


were 
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Fig. 4—Stress rupture-time curve for 0.5 steel steam pipe 
after 100,000 hr service at 900 F 


ently fairly massive carbides in the grain boundaries and a 
light general precipitation throughout the matrix, 
Scattered graphite nodules were present. 

2. The grain size was mainly 5 to 8. No areas of 
larger grains were observed in the North connection 
Occasional nodules of graphite could be found, and it was 
noted that the massive carbides were absent in the pres- 
ence of graphite 

3. No significant variations in structure around the 
circumference of the North connection 
The examination of the South connection was less exten 
sive. All samples were, however, similar to the North 
connection, except for the occurrence of small patches 
with grain sizes up to grain size No, 3, ASTM Designation 
E19 

!. A rather general graphitization was observed on 
both the inside and outside wall surfaces of both connec 
tions. The graphite was quite fine and appeared to be 
concentrated in the grain boundaries 

The microstructures beneath the stainless-steel buttons 
had the following characteristics 

1. Segregated graphite approaching ‘‘chain’’ graphite 
was present under all buttons. In most instances, the 
chain graphite was either parallel to the surface of the 
pipe and approximately halfway between the inside wall 
and the heat affected zone of weld or progressed diago- 
nally in the wall near one end of the button. 

2. Only a few isolated nodules of graphite were ob 
served in the heat-affected zone of the welded stainless 
steel buttons. 

The microstructure of the material reheat treated for 
impact tests revealec| the following 

1. The structure of the reheat-treated material was 
similar to that of the pipe as removed from service except 
that there was somewhat less spheroidization of the car 


was observed. 


bides 

2. The massive carbides observed in the grain bound 
aries of the pipes also were present in the reheat-treated 
material. 

It was concluded from the metallographic examination 
that where the metal was not influenced by the stainless 
steel measuring buttons, httle graphitization had oc 
curred. There also seems to be little question, but that 
the original carbide lamellae in the pearlite had sphe 
roidized slightly. The presence of what appears to be 
massive carbides in the grain boundaries was somewhat 
surprising in view of the relatively slight spheroidization 
of the pearlite and raises some doubt as to whether they 
are actually carbides. The slight general precipitation in 
the matrix was characteristic of 0.50 Mo steel after pro 
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Fig. 5—Creep data at 900 F from C-Mo pi of Delray 

Station, Detroit Edison Company, after 100, hr of service 

compared with data for C-Mo steel reported by The Timken 

Roller Bearing Company (2) and the Babcock & Wilcox Tube 
Company (1) 


Other than 
“massive car 


longed exposure to stress and temperature 
graphitization, the slight spheroidization, 
bides’’ and characteristic general precipitation appear to 
have been the major structural changes during service 

rhe resistance of the ‘‘massive carbides’’ to removal by 
heat treatment was interesting and indicates an unusual 


composition if they are actually carbides 


Discussion 


The creep curves, Fig. 2, obtained from the measure 
ments during service are a of data 
rhe engineer or metallurgist rarely has an opportunity to 


very unusual set 


evaluate design considerations and laboratory data in 
terms of actual creep in service 

The exact creep and rupture properties of the particular 
pipe material at the time it was placed in service were not 
established. There are, in fact, very few laboratory tests 
which establish stresses for creep rates as low as those 
measured in service (less than 0.002 per cent per 1000 hr, 
Table II) Mo steel are rather 
variable, depending on heat treatment and melting prac 


Creep strengths of C 


rhe exact creep rate for the service stress of 7500 
Extrapola 
at higher 


tice 
psi at 900 F is therefore not well established 
tion of the 
stresses back to 7500 psi, however, suggests that on an 
rates of the order of 0.001 per cent per 1000 hi 


available laboratory creep data 
average, 


might be expected (see Fig. 5). The observed creep in 


service, therefore, is considered to be in good agreement 
with the predictions of laboratory data 

rhe creep rates measured in service and those measured 
in the laboratory for tests at 7500 psi on coupons cut 
from the pipes after they were removed from service are 
the 
expected 


in good agreement Chis confirms service creep 


that, after a 
the two creep rates ought to 


measurements. It would be 
brief period of adjustment 
agree 

The stress for a creep rate of 0.01 per cent per L000 hr 
established in the laboratory, 
for rupture hours, 29,000 psi, turned out to be in exact 
agreement with average values for new steel. The ob 
served creep strength is the average value found by Miller 
and Heger (3) and used by the Subgroup on Allowable 


12,500 psi, and the stress 
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Fig. 6—Creep data at 900 F for C-Mo pipe after 100,000 hr of 
service compared with data for spheroidized C-Mo steel, as 
reported by Weaver (4) 


Stresses for Ferrous Materials of the ASME Boiler Code’ 
Committee in setting the present allowable stress of 
12.500 psi 
value for rupture strength of 29,000 psi 

The average values for strength of the pipe material 
after prolonged service may appear to be somewhat 
surprising. Actually, however, this is to be expected if 
it is assumed that the pipe metal had nearly average 
properties initially. It is generally considered that ex 
posure to stress and temperature will permanently use up 
the available life of metals by creep. Consideration of 
the service conditions, however, indicates that this should 
have been very small. If the stress-rupture time curve 
1 was extrapolated to 7500 psi, the indicated rup 
hours. On this 


The same group also developed an average 


of Fig 
ture 
basis, 100,000 hr of service was negligible in comparison 
to the total life available. Certainly the percentage of 
life used on this basis was too small to alter significantly 


time would be many millions of 


the rupture-test results 

The laboratory creep data show no evidence of weaken 
ing from the 100,000 hr of service 
cussed, the creep rates were the same as those existing 
during service. Creep rates from laboratory tests, how 
ever, would be expected to show evidence of structural 
so-called third-stage creep had 

There is no precedent of which 


As previously dis 


deterioration only if 
started during service 
the authors are aware for estimating when third-stage 
creep should become evident in such prolonged time 
periods and at such low creep rates as existed in service 
General laboratory experience indicates that, in the ab 
sence of substantial loss of strength by structural altera 
tion due to temperature, third-stage creep would not be 
expected before the total creep deformation reached | per 
cent. The creep deformation during service, Fig 
of the order of 0.2 per cent and the probability is that the 
rhe test results 


2, was 


onset of third-stage creep was remote 
support this view. The rates observed were average for 
the steel and there was no indication of increasing creep 
rates during the tests or in service at either 7500 or 
12,500 psi 

The possibility exists that structural alteration under 
the influence of temperature and stress during the pro 


longed service could have altered substantially the creep 


properties from those characteristic of the new pipe 
Unfortunately creep data for the particular pipe samples 


before service are not available. The data obtained 
from the tests on the pipe after service are compared in 


Fig. 6 with those presented by Weaver (4) in which he 
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attempted to estimate the effect of spheroidization during 
service. At 0.01 per cent per 1000 hr, the creep strength 
was in between that for the annealed condition and for a 
condition of spheroidization equivalent to 23 years of 
service at 900 F. Actually the strength indicated is 
almost exactly that which would be estimated from 
Weaver’s data. The 100,000 hr of service represents 
about one-half the 24 years estimated by Weaver to at 
tain the degree of spheroidization of his test bars and the 
creep strength of the pipe material is also about halfway 
between The microstructure also 
showed about the degree of spheroidization consistent 
with the creep strength in comparison to Weaver's data. 

The creep strength of the pipe at 7500 psi in both serv- 
ice and laboratory did not agree as well with 
Weaver's data. Both showed a stress for a creep rate of 
0.001 per cent per 1000 hr of about 7500 psi or a little 
less. This corresponded to Weaver's material spheroid- 
ized for an equivalent of 23 years of service, rather than 
to his annealed stock, which showed a stress of 11,600 
psi for 0.001 per cent per 1000 hr. Because the pipe 
showed creep rates from early in its service life of the 
order of 0.001 per cent per 1000 hr, the indications are 
that the pipe material had different stress-creep rate rela 
tions than Weaver's test stock. Weaver annealed his 
stock from a lower temperature than was used for the 
Detroit Edison pipe. White and Crocker (5) reported 
Mo pipe given the same heat 


his two conditions 


tests 


creep data at 925 F for ¢ 
treatment but from different heats as the pipe used for the 
xtrapolation of their data to 
of 11,000 and 12,500 psi for 
0.01 per cent per In view of such variation, 
there assume that the 
service creep data reflect initial properties more than 


service tests | 


900 F 


creep 
indicated strengths 
1000 hr 
precedent to 


seems sufficient 


changes during service 
Similarity of Properties 

The similarity of 

and long 


and rupture properties of 
specimens indicated that 
from this source in the 
service. Because i 


cree p 
tangential itudinal 
there 


properties of the 


great difference 
pipe alter 
service was circumferential, it could be expected that any 
effect might be most evident in the tangential 
The absence of any difference between the 
longitudinal and circumferential specimens then could 
be further support to the indication that the 100,000 hr 
of creep in service had used up only a small fraction of 
life of the pipe. Without support 
probable relative strengths of longitu 
pecimens for new pipe or for pipe 
in these conclu 


was no 
creep 


damage 
specimens 


the available servic: 
ing data on the 
dinal 


subjected to creep 


and tangential 
there is uncertainty 
sions. 

The elongation an 
rupture 
served for ¢ 


| reduction-of-area values for the 
as have been ob 
40 to 20 per 


increased to 


were not as low 

The change from 
for fracture 
Ul unusual. Certainly there is nothing 
t undue deterioration during the 


test specimet! 
Mo steel 
cent elongation as the time 
2000 hr is not at 
in these values to suggé 
100,000 hr of service 
The impact values after were low. However, 
impact values of 10 ft-lb are not at all unusual for C-Mo 
when heat-treated at a relatively high 
temperature, as was the pipe. The difference in relation 
to the samples reheat-treated after service does not repre- 
rhe absence of any differ 


specimens 


seTvice 


steel, particularly 


sent an unexpected chang 


ence between longitudinal and tangential 
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igain supports the view that creep damage during serv 
ice was very slight. 

The tensile properties after service possibly show some 
evidence of structural change during service. There is 
some uncertainty in this observation, because the 
parative data for new material are inadequate. In 
either event, the properties were satisfactory and the 
changes were no more than might be expected for 100,000 
hr of exposure to 900 F under stress 


com 


Summary and Conclusions 


A unique set of creep curves is presented for the creep 
of two C-Mo steel steam pipes during 100,000 br of 
service at 900 F. Analysis of the data shows that the 
observed creep rates of 0.002 per cent per 1000 hr or less 
under an operating stress of 7500 psi were in accordance 
with the predictions of laboratory creep data 

Laboratory creep and rupture tests were carried out on 
coupons cut from the pipe after the 100,000 hr of service. 
The creep rates under 7500 psi agreed with the rates ob 
served in service. The creep strength of 12,500 psi for a 
rate of 0.01 per cent per 1000 hr and the stress for rup 
ture in 100,000 hr of 29,000 psi are the 
average values for new C-Mo steel 

Analysis of the conditions indicated that 
100,000 hr of service at 900 F under 7500 psi would have 
been expected to use up only a negligible amount of the 
available creep-rupture life of the steel. All laboratory 
test results support this conclusion. Deterioration of 
creep strength due to structural changes, such as spheroid 
ization, was certainly no greater than might have been 
expected 

The general conclusion is that the pipes performed in 
with the 


same as the 


service 


service to a remarkable degree in accordance 


predictions of laboratory data. 
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COMBUSTION ENGINEERING 


A Reference Book on Fuel Burning and Steam Generation 


Edited by OTTO de LORENZI 


COMBUSTION ENGINEERING is probably the most comprehensive 
technical book ever published by an Its 30-04: 

ind dix run to well over « thousand peges and include more 
then ” 400 iNustrations and about 60 tables. it is designed for the use of both 
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‘Among ‘the subjects covered in this book ere; ail types of stokers, paver 
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pest recovery equipment, the origin and production of coal, fuels for steam- 

I purposes, ae, cycles, steam purification, 
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aan generating units, and en 
A full chepter is devoted to the A.S.M.E, Bolte Construction Code, The 

steam tables, and « Mollier Diagram is tipped 
S to the beck cover. 
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Louisiana Power & Light Company's 

third unit at Ninemile Point Plant 
designed by Ebasco Services, Incorporated 
with Instrumentation and Control by Hays. 


MORE AND MORE CENTRAL STATIONS ARE 
SELECTING HAYS INSTRUMENTS AND CONTROL 


MEET DEMANDS OF LATEST TYPE BOILER 
IN SPACE SAVING, GREATER SPEED OF RE- 
SPONSE, ALTERNATE FUEL FIRING. 

Practically every detail of the third unit of 
Louisiana Power's new Ninemile Point gen- 
erating plant is of the newest design. An 
all-weather outdoor boiler with Hays electric 
type combustion control—gas fired, with pro- 
visions for “stand-by” oil firing—will produce 
1,000,000 Ibs. of steam per hour, superheated 
and reheated to 1,005° F... . adding a capa- 
bility of another 135,000 KW to Louisiana's 
power program 

On outdoor boilers electrically operated 
combustion control is especially preferred 
because it doesn't require expensive compres- 
sors and dryers, allows maximum freedom in 
the location of the control room 

To answer operators’ demands for more 


hays 


MICHIGAN CITY 1, INDIANA 


Automat ombustion ( * Veriflow Meters and 
Veritrol * Electronic Oxygen Recorders * CO: Recorders 
Boiler Panels ¢ Gos Analyzers ¢ mbustion Test Sets 
Draft pages * Electronic Flowmeters © Miniature 


Remote indicotors ¢ Electror Feed Water Controls 
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instruments in less space, Louisiana Power is 
installing a miniature remote control station. 
This Hays benchboard, which is four feet 
wide contains all important remote control 
elements—manual adjustments for the boiler, 
turbine and generator. 

For faster speed of response and greater 
accuracy a number of Hays electronic instru- 
ments are being installed. Among these are-— 
electronic mercury-less flow meters and 3 
element electronic feedwater control. 

Among the central stations recently select- 
ing Hays instrumentation and control are: 
Jersey Central Power and Light Co., Northern 
Indiana Public Service Co., Central Illinois 
Electric and Gas Co., St. Joseph Power and 
Light Co., Crawfordsville Power and Light Co. 

Write for Hays Boiler Plant Instrumenta- 
tion Bulletin 54-605-83. 





ASME Annual Meeting in Review 


ontinuing its trend toward more simultaneous 
sessions and a greater number of papers on an 
widening variety of The Amer 
Mechanical Engineers held its 1954 
Annual Meeting at the Hotels Statler, McAlpin and 
Governor Clinton on November 28-December 3. Mors 
than 7000 mechanical engineers participated in the 124 
technical sessions and heard a total of almost 350 papers 
lo keep this report to manageable length only those 
the 


additional 


ever subjects, 


can Society ol 


direct interest to 


Abstracts of 


papers believed to be of power 


industry will be reviewed 
papers on heat transfer, flow in pipe, metal properties 
and instruments will appear in January ComBUSTION. 

David W R. Morgan of Westinghouse Electri 
Corp was elected president of the Society, succeeding 
Lewis K. Silleox of the New York Air Brake Co 

At the president's luncheon, Dr. Silleox joined with 
Harry R. Westcott, president of Westcott and Mapes, 
Inc., in honoring Ernest Hartford, deputy secretary of 
the ASME staff Mr Hartford, after 43 years of widely 
acclaimed service, is retiring although he will continue 
the 1 consulting capacity. In an 


to serve Society in 


Harry R. Westcott presenting to Ernest Hartford a bound 
volurne of more than 200 letters entitled ‘‘The Tribute of 
His Friends" 


entitled Sillcox 
cautioned that progress in science must be matched by 
What we integra 
tion of engimeering with 
No society is any bigger than its leadership, and man 
connected with individual 


iddress Pathways of Progress’ Dr 


progress in humanities need is an 


progress humanistic goals 


kind’s progress 1s intimate ly 
progress in terms of peace of mind and idealistic aspi 
rations 

Fifteen hundred engineers and their guests heard Dr 
John R. Dunning, Columbia 
University, address the annual banquet on the subject 
Age He contended that no 
next fifteen years it 


Dean of Engineering at 
“Engineering Comes of 
matter what transpire in the 
will be necessary to maintain and increase our technologi 
scientific technology the 

lo keep pace the United 


may 


cal strength Russia makes 


basis for running the country 


54 


must achieve the same emphasis by improving 
ilong the line. We 
it which Russia is 
strength 


state 
the training of our technicians all 
must show more concern with the rats 


building up its scientific and engineering 


Dean Dunning also called for a return of engineers to 


positions of prominence in political life, observing that 


there are fewer engineers in Congress today than was the 
case in the days following the Revolutionary War 

At the banquet honorary membership in ASME, the 
highest honor granted by the Society, was conferred 
on two outstanding engineers well known in the power 
field: Henry B. Oatley, chairman of the ASME Boiler 
Code Committee and former vice president and con 
sulting engineer with The Superheater Co.; and A. L. 


C. E. Davies, secretary of ASME; L. K. Sillcox, retiring 
president; D. W. R. Morgan, incoming president; F. S. 
Blackall, jr.. past president 


Penniman, vice president of Consolidated Gas Electri 
Light & Co. of Baltimore, Md The ASME 
was awarded to E. B. Powell, for many years 
& Webster Engineering 
Detroit 


Power 
medal 
consulting engineer with Stone 
Corp., Walker L. Cuisler, 
Edison Co., the Westinghouse 
medal Worcester Warner 
which recognize outstanding contributions to permanent 
engineering literature, were presented The 1953 Warner 
Prof. William H. McAdams of 
reference book entitled 
Heat Transmission,’ while the 1954 went to 
Prof. Joseph H. Keenan of M.1I.T. for his 
“Thermodynamics 


while president of 


received George gold 


iward Iwo Reed medals, 


medal was awarded to 


M.1.T. for his valued 


ind text 
medal 


iuthoritative 
volume on 

Announcement made by the Nuclear 
Application Committee that the Nuclear 
Committee was raised to divisional status 
of Detroit Edison Co 

Plans were announced for the celebr 
anniversary of the founding of ASME 
sary meetings to commemorate the founding and organi- 
Society will be held on February 16 and 


was Energy 
Engineering 
\. C. Pasini 
is acting as chairman 

tion of the 75th 


Special anniver 


zation of the 
April 16, 1955 
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Steam Turbine Testing and Design 


Engineers of the General Electric Co. presented two 
papers on turbine testing, one dealing with field testing 
of large steam turbine-generators in the owner's plant 
and the other on tests of medium-sized units, most of 
which were conducted in the manufacturing plant at 
Lynn, Mass 

E. M. Kratz, in a paper entitled ‘Experience in Testing 
Large Steam Turbine-Generators in Central Stations,”’ 
pointed out that experience has shown that consistent 
results can be obtained only by providing carefully cali- 
brated instruments used carefully and with adequate 

sources of error. Since 1930 
tested 111 turbine-generators of 
15,000 kw or larger, 102 of which were single-shaft ma 
chines and the remainder cross-compound units. Reheat 
was incorporated in the design of 12 machines, and 18 of 
the tests were on non-condensing turbines. Mr. Kratz 
presented a chart showing the test results in terms 
of guaranteed values and other curves which indicated 


pt yssible 


knowledge of 


General Electric has 


7 i. 
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Test results on turbine generators 15,000 kw and larger 
based on average of , and full load 


consistency in results on the basis of comparison of heat 
rates. With respect to accuracy, throttle flow measure 
ments are the most frequent source of inaccurate data 
because of the difficulty in obtaining 
measurement and the additional possible sources of error 
Gen 


a precise basic 


from miscellaneous flows and inadequate isolation 
erator load measurements may also be the source of sig 
nificant errors, though of a smaller magnitude. 

“Accuracy and Results of Steam Consumption Tests 
on Medium Steam Turbine-Generator Sets’’ by D. E. 
Kimball was a report on tests of 22 units rated 2500 to 
18,750 kw. These tests were conducted between 1946 
and 1952 on facilities for loads up to 15,000 kw with steam 
conditions as high as 1500 psig, 1000 F. In analyzing 
the accuracy of the tests that author shows the existence 
of (1) 0.5 per cent uncertainty in manufacturing and 
2) 0.3 per cent as the day-to-day un 
certainty of 0.17 per cent uncertainty to be 
charged to the instrumentation of factory tests, (4) 
probably 0.5 per cent poorer performance of tests in the 
owner's plants than in factory tests. Certain precau 
tions were taken in conducting the tests, including testing 
five sets of duplicate turbines, measuring most data on 
two or more identical instruments duplicating each other, 
same turbine and making certain 


factory-testing, 


tests, (4 


retesting runs on the 
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that similar design and manufacturing as well as inspec 
tion practices applied both to the tested and untested 
turbines. 


Charles D. Wilson of Allis-Chalmers Manufacturing 
Co. presented a paper entitled “‘Close-Coupled Cross 
Compound Arrangement for Compact Large Capability 
Steam-Turbine-Generator Units."” He pointed out that 
the characteristics of this type make it ideally suited for 
generating units of large capability and mentioned some 
of the considerations in designing a 325,000-kw unit 
With the 1800-rpm low-pressure turbine it is possible to 
provide the optimum size of exhaust blading that is re 
quired for the efficient performance of a large machine 
Because of the use of two generators it is possible to build 
units of very large capability with moderate-sized gen 
erators. With exhaust pressures of | in. Hg or less the 
cross-compound machine is attractive for ratings of 
150,000 kw and larger, while at exhaust pressures of 
l'/y in. it can be applied to ratings of 200,000 kw and 
larger. Floor space requirements have been greatly 
reduced by the new close-coupled arrangement where 
both the high- and low-speed elements are mounted close 
together on a common foundation. This greatly re 
duces the length by comparison to a tandem-compound 
machine and permits either transverse or longitudinal 
installation with minimum crane span. 


In a paper entitled ‘Considerations in the Mechanical 
Design of High-Temperature Steam Turbines,’ W. E. 
Trumpler, Jr. and E. A, Fox of Westinghouse Electric 
Corp. stated that far more is required in turbine design 
practice than mere substitution of numbers into for 
mulas. Pure mathematical extrapolation of creep-test 
data must be tempered by judgment based on experience 
with materials involved and an understanding of service 
requirements. When considering designs involving 
creep-type plastic flow, components must be considered 
to have a finite life. Such factors as initial cost, down 
time for replacement or maintenance and thermal effi 
ciency must be taken into account in determining the 
life for which each component must be designed for 
central station service. Increased activity must be 
encouraged in high-temperature testing programs to ob 
tain more long-time creep rate and creep-to-rupture 
information, particularly on the newer austenitic super 
alloys. This work must include further study of be 
havior under the effect of biaxial and triaxial stress situa 
tions. More reliable means of judging materials from 
short-time creep data must be devised. 


Central Station Boilers 


Under the sponsorship of the Power Division a series 
of four papers was presented under the general subject 
of boiler developments. In the first of these under the 
title of ““Superheater Metal Temperature,’’ G. Parmakian 
and N, S. Sellers of Riley Stoker Corp. outlined a de 
tailed design procedure for evaluating the several vari 
ables involved in the determination of wall temperature 
of superheater and reheater tubing. They pointed out 
that the designer attempts to keep metal temperature 
as close as possible to steam temperature. Among the 
methods employed are (1) use of high steam mass flows, 
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(2) selection of small tube diameters, (3) use of relatively 
low gas mass flows in high-temperature superheater 
sections, (4) liberal design of the manifold system and 
(5) achievement of good gas temperature and flow dis- 
tribution through furnace and burner design. The 
authors also discussed at some length actual temperature 
distribution, including metal-temperature unbalance and 
effect of burners, and made recommendations for using 
thermcouples to measure and record metal temperatures 
of superheaters as an aid to operation. 


“Principles of Boiler Design for High Steam Temper 
atures’’ by G. W. Kessler of the Babcock & Wilcox Co. 
indicated some of the ways to achieve higher thermal 
cycle efficiencies and the effect of improvement in heat 
cycle on boiler design. Much of the paper was concerned 
with methods of maintaining steam temperature, in- 
cluding variation in furnace heat absorption, the use of 
radiant superheaters and reheaters and applications of 
gas recirculation. Mr. Kessler concluded that the major 
obstacle in the advance to higher steam temperatures 
is the restriction necessarily placed on furnace exit gas 
temperatures to assure cleanliness of the convection sur- 
faces. The advance to higher steam temperatures will 
depend primarily upon overall economics, and material 
development and possible better material usage will be 
major factors in future advancement. 


E. M. Powell and H. A. Grabowksi of Combustion 
Engineering, Inc., in a paper entitled “Drum Internals 
and High Pressure Boiler Design,’ pointed out some of 
the factors which affect separation of water from steam 
in high-pressure boilers. These include the relative 
densities of water and steam, available pressure drop 
for drum internal design, relative quantity of water to 
steam in the mixture delivered to the drum, total through 
put requiring separation, boiler water level and con 
centration of boiler water solids. They provided a com- 
parison of available head in a 110-ft high furnace having 
a circulation ratio of four pounds of water per pound 
of steam generated. At 1600 psig this head amount 
to 10 to 12 psig, whereas under the same conditions at 
2400 psig it falls off to 4 psig. Another section of the 
paper took up steam purity testing and provided results 
obtained in four controlled-circulation boilers having 
drum pressures ranging from 2650 to 1775 psig and boiler 
water concentrations between 100 and 400 ppm. For 
the conditions tested with turbo separators installed in 
the drums, solids in the steam varied from 0.04 to 0.08 
ppm. Several charts were presented to show drum 
metal temperature distribution and the effect of con 
trolled circulation in insuring uniform heating rate for 
rapid starting of boilers 


Developments extending over a period of 35 years were 
outlined by H. H. Hemenway of Foster Wheeler Corp. 
in a paper entitled “Radiant Superheater Design and 
Experience Since the first radiant superheater was in 
stalled in 1917 more than 1000 have been placed in serv- 
ice in boilers of many types ranging from box-header 
and two drum low-head units for marine service to large 
central station installations, of which the Port Washing- 
ton and Oak Creek Stations of Wisconsin Electric Power 


Co. are examples. Mr. Hemenway explained some of 





the changes in material specification and manufacturing 
techniques that have occurred as the result of experience 


with radiant superheaters and reheaters. Performance 
characteristics have been remarkably good, especially in 
the case of combination radiation-convection surfaces 
because of their compensating steam-temperature char- 
acteristics. In concluding the author stressed that 
modern thinking in the electric power industry indicates 
a trend toward greater conservatism in design and that 
radiant steam-cooled surfaces have an important part to 
play in this trend. 


Steam Tables 


The ASME Research Planning Committee sponsored 
a session at which two papers on steam properties were 
presented to illustrate the type of research in this area 
now planned under the auspices of the Society. The 
first of these, ‘‘The Present Status of Steam Properties,’’ 
was prepared by Prof. Frederick G. Keyes and Prof. 
Joseph Keenan of the Massachusetts Institute of Tech- 
nology. Referring to the 1934 skeleton steam tables 
devised by the Third International Steam Table con- 
ference, the authors recalled the hope of that Conference 
that the limits then set of 5000 psia, 1032 F would serve 
all requirements in the power field for the lifetime of the 
youngest participants. Such was not to be the case, 
as evidenced by projects now being designed for central 
stations operating above the critical pressure and at 
temperatures up to 1200 F. It is now proposed that 
the steam tables be extended to 15,000 psia, 1500 F 
through ASME-sponsored research. The paper, which 
included a comparison of values found in the U. S. 
Keenan and Keyes tables and those recently published 
in Russia, will be published substantially in full in the 
January 1955 issue of COMBUSTION. 


In a companion paper, “Thermodynamic Properties 
of Steam at Elevated Pressures and Temperatures,’’ 
Henry Hidalgo, formerly of the Research Department 
of the United Aircraft Corp. in East Hartford, Conn., 
and Roy Nutt of the same organization supplemented the 
data of present Keenan and Keyes steam tables in the 
regions 5500 to 10,000 psia and 800 to 1600 F. A mod 
ification of the Keyes equation of state was made by using 
the conditions that this modification should yield pres 
sure-volume-temperature data that satisfies (1) the ex 
perimental data of Prof. G. C. Kennedy of Harvard 
University at the upper pressure limit of the region of 
interest; (2) the upper pressure region of the steam 
tables data; and (3) the approximate magnitude with 
the proper algebraic sign of both the second derivatives 
of the isometrics in the pressure-temperature plane and 
of the first derivatives of the reduced isothermal lines 
in the generalized plane. The equation of state thus 
obtained was numerically integrated for the determi 
nation of enthalpy and entropy. These integrations, as 
well as the determination of state, were made with the 
aid of the 701 IBM computing machine. The authors 
also compared the data thus obtained with the Russian 
data and found discrepancies of the same order as exist 
with respect to the comparison of the Keenan and Keyes 
tables. 


and Russian 
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Boiler Feedwater Studies 


There were two sessions presented by the Joint Re 
search Committee on Boiler Feedwater Studies with the 
major emphasis on corrosion problems and their correc 
tion. The first of the two sessions was a symposium on 


chemical deaeration and corrosion control to evaluate 


certain treatment chemicals 


S. T. Powell and L. G. von Lossberg, of the S. T. Powell 
Consulting Chemical Engineers, led off at the opening 
session Chey pre faced their paper by a statement ex 
plaining that the paper was limited to conditioning chem 
that reagents primarily for deoxygena 


icals were (a 


tion or (6) miscellaneous inorganic and organic materials 
for minimizing corrosive attacks on metals 

Realization of the need for removal of the nonconden 
sable gases in feedwater brought on the development of 
wells of surface condensers 


deaerators, deaerating hot 


and supplementary chemical treatments for scavenger 
Sodium sulfite for 
itely there 


has created certain diffi 


duty ears performed the scavenging 


requirement # have been claims that sulfite 
ilties in the system and while 
be some justification in individual cases most 


there may 


difficulties are due to inadequate control. For example 
recorded data show that in boilers operating at 1000 psi 
and a boiler water pH of about 11.0 sodium sulfite con 
should be held 10.0 ppm Boilers 


1200 to require maintaining 


centration below 


operating from 1000 psi 
sodium sulfite concentrations to not over 5 ppm 

Sulfite of other chemically-treated feedwater for de 
ittemperating to final 


iuthors’ opinion, be used with no 


superheating or control steam 
in the 
It requires, though, that the water cycle 


mechanical deaeration 


temperature can, 
adverse results 
contain a relatively satisfactory 
arrangement, and that deoxygenating chemicals be em 
ployed to remove traces of oxygen 

Hydrazine has been employed in some cases to get 
around the limitations cited for sodium sulfite. It has an 
especial appeal for station operators that have abandoned 
sodium sulfite or want an oxygen-free water for desuper 
solids to the system 


For 


heating without the addition of 
But there 
example anhydrous hydrazine is 


and should not be employed for power plant servict 


are certain precautions that must be met 
a dangerous material 
Hydrazine hydrate as a per cent solution, however, 
It can be handled with no greater safety 
provisions than those used for dilute acid and ammonia 


does very well 


rhe quantities employed must be closely watched since 
Later 
findings, though, indicate excessively high concentrations 


some report excessive generation of ammonia 


were maintained 
rhe use of volatile alkaline amines to increase the pH 
of the condensate has gained considerable popularity in 
recent years. Morpholine seems favored for pH and cor 
rosion control in the steam-water cycle because it is said 
to have a more satisfactory ratio of distribution between 
ammonia or some other 


vapor and liquid phases than 


umines used for thi Waxy amines seem to 


purpose 


give favorable results in low-pressure steam-generating 


systems 

R. C. Harshmann and E. R. Woodward, Olin Mathie 
son Chemical Corp., fashioned their paper, ‘‘Hydrazine 
around the particular 
make it 


unong these properties are 


for Boiler Feedwater Treatment, 


properties of hydrazine that useful for boiler 


feedwater treatment High 
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the following. Hydrazine its a strong reducing agent, 
reacting readily with oxygen, is commercially available in 
solution and is completely miscible with water. It is a 
more effective reducing agent in alkaline solutions, being 
most effective in the range of preferred boiler operation 
Of particular interest is the fact that hydrazine itself and 
its decomposition and reaction products do not contrib 
ute to the solids content of the boiler or give acidic re 
actions 

rhe 
moving residual oxygen in a feedwater 
cussed methods of application, and safe ways of handling 
and concluded with a referral to the fact that hydrazine 
was now in use on several central station boilers in this 


iuthors traced the reactions of hydrazine in re 


They then dis 


country with new users in the preparation stage 
J. Leicester, head of the Chemical Engineering Diy 
Admiralty Materials Laboratory, England, handled ‘The 
Deaeration of Boiler Water--The Use of Hy 
He began with the major reaction 
both with 
decomposition 


Chemical 
drazine Compounds 
residual oxygen in 


equations of hydrazine 


water and its own products. Experi 
ments have been carried out in England on the oxygen 
hydrazine reaction and considerable work ts now in prog 
ress in a pilot-plant high pressure boiler at the Admiralty 
Materials Laboratory rhis work, it is hoped, will be 
correlated with the results of full scale boiler trials now in 
progress throughout Great Britain 

One vital way of studying and understanding the oxy 
gen/hydrazine reaction was held by Mr. Leicester to be 
a fundamental study of the kinetics of the system. A 
Mr. C. Moreland, Birmingham, England, now has such a 
study underway and is particularly studying the effects 
of hydrazine concentration, temperature and pH of the 
water. An investigation is also looking into the effect on 
reaction rate of metal catalysts, either in the form of a 
suspension or present as solid surface. This investiga 
tion will be published in the near future 

At the moment the most important conclusion from 
these initial experiments is that even in dilute solutions 
and at low temperatures the hydrazine/oxygen reaction 
The author felt that 


SUS 


can proceed as a surface reaction 
oxide films formed on the surface of a solid or on 
pended particles in the solution provided the necessary 
step for the hydrazine reaction 

An independent series of small-scale experiments is 
being carried out in the British Launderer’s Research 
Assn. laboratories with a stainless steel autoclave at pres 
sures of 500, 750 and 1000 psig Both idle and steaming 
conditions are under investigation with hydrazine-hy 
drate and also dehydrazine phosphate concentrations of 
theoretical, 100 and 200 per cent excess strength. At 
present these tests have only gone as far as reaction rates 
of the hydrazine-hydrate in cold solutions. The More 
land mentioned show considerably slower 
reaction rates under cold solution conditions than do the 
series at the The Moreland 
experiment, though, employs only glass apparatus and 
the Launderer’s uses metal surfaces which give a metal 
area considerably greater per unit volume of water than 


tests above 


Launderer’s Laboratory. 


in any other cases on record including full-scale boiler 
trials 
The Admiralty Materials Laboratory is running the 


same experiments as the Launderer's Laboratory in a 
boiler system where there is circulation as against the 
the Launderer’s auto 


non-circulating situation within 
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clave. The system selected was a pilot-plant high pres 
sure boiler where an attempt will also be made to obtain 
an overall material balance for the boiler and the feed 
water systems. From the present, as yet inconclusive 
trials, it appears that a residual hydrazine content of 0.25 
to 0.30 ppm can be tolerated in a steaming boiler before 
decomposition to ammortia occurs 

J. D. Rostroph, Virginia Electric and Power Co 
und E. A. Yorkgitis, Hall Laboratories, selected as their 
topic, “Controlling Lron and Copper Pickup With Neu 
tralizing Amine: hey prefaced their report with the 
statement that carrying effective 
deaeration and employing scavengers to keep oxygen 
concentrations at a minimum find tron and copper pickup 
hey have 


central stations out 


to be greater in general at lower pH values 
two types of inhibitors they can use to restrict this cor 
rosion-—a volatile, alkaline 
or a volatile, filming substance to lay down a protective 


substance to raise the pH 


film to separate the metal from aggressive condensate 
The volatile alkaline to raise pH was the method covered 
in this paper 

Cyclohexylamine and morpholine were fed to the steam 
i high pressure, reheat, controlled 
During treatment with either amine, 


feedwater cycle of 
circulation boiler 

average iron and copper concentrations throughout the 
system were less than 0.01 Within the accuracy 
of the meter the pH stayed practically constant through 
imines, except in the after 


ppm 
out the sytem with both 
condenser drains 
constancy after the 
The pH dropped from 9.09 to 9.01 in passing through 
the 14th stage deaerating heater with cyclohexylamine 
and went back up to 9.12 between the 14th stage and the 
economizer which lies on either side of where the amine 


Here cyclohexylamine displayed less 
17th stageheater 


is fed into the system. Yet there was no comparable in 
points when morpholine was fed 
at the same place. Whatever 
at the deaerator is offset with morpholine losses in the 
feed maintain pH 
closely comparable 

Certain tests indicated that morpholine addition re 
sults in more ammonia breakdown than does the cyclo 
hexylamine but this difference might be traced to the 


almost double concentration of morpholine to hold the 


crease between these 


cyciohexylamine is lost 
rates to remained 


blowdown since 


same system pH of 9.0-9.1 
Sampling and analytical procedures employed by the 


authors were furnished as an appendix to the paper 


Air Pollution and Dust Collectors 


As might be expected a number of different sponsors 
presented papers in the general field of air pollution 
control and dust collector development. There were 
sessions put on by the Fuels and Power divisions and the 
Air Pollution Controls Committee. 

H. J. Scott, commissioner of air pollution control, 
Cleveland, advanced the thinking of at least one munici 
pality in establishing the background for control of air 
pollution. Mr. Seott described how Cleveland recog 
nized there were industrial effluents not within the scope 
of smoke abatement. Accordingly the city set up a 
separate bureau for this problem 

That bureau initiated in 1949 a program to evaluate 
the concentrations of pollutants with particular respect 


to weather. Through the united efforts of this cit 
bureau, fourteen major industries and the United States 
Weather Bureau the relationships between air pollution 
and meteorological factors have been and still are being 
studied. Sampling stations were established in an in 
dustrial area and simultaneously operated for extended 
periods over a three-year duration. 

rhis group adopted standard equipment and sampling 
recorded air pollution and meteorological 
factors and statistically 
relationships between air pollution and certain of thes 
factors A 


was 


methods, 
analyzed these data as to the 
forecasting the amount of air 
pollution The 
a table or chart showing the main concentration with each 
factors for diurnal vari 
the 
on accurate wind direction forecast and (5 

the duration ol 


method of 


presented method involves 


wind direction, (2) correction 
factors for 


ations, (3 influence of in 


correction 
versions, (4 
oecurrence and 


a forecast of time of 


inversions 

F. T. Bodurtha, Jr., E. I. du Pont de Nemours & Co 
produced a second paper along the same lines entitled 
“A Technique for the Rapid Solution of an Air Pol 
approach Mr. Bodurtha em 
He began with th 


lution Equation Phe 
ployed was largely mathematical 
premise that it is necessary to provide means of keeping 
the ground level concentration of effluent gases below 
specified values. Stacks this 
purpose. Necessary stack sources 
may be calculated from formulas developed by Bosanquet 
A reference was made to a 


are commonly used for 


heights for single 
and Pearson and Sutton 
earlier comprehensive discussion on the application of 
these formulas in Chapter 8 of the Manufacturing Chem 
ists Assn. publication Air Pollution Abatement Manual. 

Methods for rapid solution of the Bosanquet and 
Pearson formula were developed for use with stack gases 
at or near atmospheri But the author cau 
tioned that the present knowledge of atmospheric tur 
greatly Hence 
with appropriately limited accuracy 


density 


these equation 
apply But even 


with these restrictions the equations should help solv 


bulence is limited 


certain air polution problems 


E. W. Hewson, professor of meteorology, Universit 
of Michigan, added still more to the thinking of the abov: 
He combined aerodynamic and meteorological 
concepts in a procedure for estimating ground concentra 
tions of effluents from stacks with various heights and 
exit velocities in a paper entitled, “Stack Heights Re 
quired to Minimized Ground Concentrations.” 

Professor Hewson employed the reasoning that the 
atmosphere is a vast reservoir which may be used for 


papers 


the disposal of industrial wastes. If sensibly used for 
this purpose no nuisance ov damage is incurred But 
without due consideration of its widely varying diffusion 
capacity, annoyance, illness or even death could con 
ceivably result from discharging wastes into the air 
The basic influences at work are described by the author 
as background information for understanding the de 
tailed method he employed in computing ground con 
centrations 

Che author frequently referred 
Sherlock and Lesher and, in fact, employed wind tunnel 
data from their experiments to develop his computation 
procedure. Then with a hypothetical case Professor 
Hewson worked through the computations involved in 
his method 


to earlier work by 
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“The Mechanism of Separation in the Louver-Type 
Separator’ was the subject chosen by J. L. Smith, U. S 
Army, and M., J. Goglia, Georgia Institute of Technology, 
on the contention that very little is known about the 
which separates dust particles from a gas 
stream in a louver All the understanding 
seemed to be that it is easier for air to negotiate a sharp 


mechanism 
ep irator 


turn than it is for high inertia dust 

\ system developed during the study of this mechanism 
rindall meter made it possible 
particle p reflected light. Ac 


study of the particle paths in a 


ind suggested by the 
to follow thx 


preliminary 


iths by 
cordingly a 
two-dimensional louver separator was conducted to bring 
ut the effectiveness of the separator on different particle 
The air to be the con 
trolling factor and the shape of the housing on 
both sides of the louver is of the utmost importance. 


Sizes flow pattern was found 


hence 
From the particle path studies it was concluded that 
in effective louver blade shape separates the region of 
particle impacts with the blade from the region where the 
rhe particle size 
was effective down to 10 


ur 1S passing between the blades 


studies showed the separator 
micron sizes but was more effective for particles above 
Che data showed the per cent of the initial 


essentially independent of the initial 


0 microns 
dust separated was 
ur velocity and initial dust concentration 


Several were delivered on the general sub 
ject of dust collectors and their design and performance 


Carl R. Flodin and Harold H. Haaland, Western Pre 


commented on “Some Factors Affecting 


papers 


cipitation Corp., 
Fly-ash Collector Performance in Large Pulverized Fuel 
Fired Boilers For 
pulverized units was 


many years fly-ash collection from 
not considered a particularly dif 
«pected collection efficiencies wer« 


ind the character of the ash such 


ficult problem since « 
low (S80 to 90 per cent 
that 
precipitators could satisfactorily meet the requirements 


high efficiency cyclonic collectors or electrostatic 


\s an example precipitators for this service ran one-half 


to one-quarter the size regularly used for cement and 


metallurgical operations for equivalent gas volumes and 
efficiencies 
But today demand ill for higher efficiencies and low 
necessary to regard the col 
of the 


peak performances it all times 


stack emissions so that it 1 
furnace and to obtain 
Yet in the face of this 
w certain stations are working 


lection equipment as a part 


demand design factors f 
collec tor Lhe 
lesign both cyclonic and 


gainst the iuthors discussed the major 


factors in dust collector pre 


and in operations that bear upon an overall 


ipitator 
problems 

loreland, and Hilmer Karl- 
joined forces to present the 


evaluation of collector 

A. J. Tigges, Jackson & 
sson, Air Preheater Corp 
paper ‘Lower Flue Gas Exit Temperatures Through Re 
moval of the Solids Ahead of the Air Preheater 
traced the re behind a detailed 
erall boiler efficiency by re 
ducing gas exit temperatures and yet maintaining the 


high 


station practice lo 


his 
research 


isonin?g 


paper 
program for imecreasing 


necessary ivailability required by modern central 


ichieve this seemingly contradic 


tory goal required so1 lution for the corrosion and 


deposit problem which appeared in the path of the exit 
lurnace 
here 


had to be present at the 


gases 
factors all of which 


same time to cause deposits 


were three contributing 


ind later corrosion Chey were, first, sulfur compounds 
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in the fuel which at the present state of the art could 
not be removed economically. Next the factor 
of water vapor always present in all boiler flue gases and 
Third and 


was 


not removable before it can cause trouble. 
last, the very finely divided particles of fly ash which 


must be present for deposit and corrosion to occut 
This last factor seemed to lend itself to further control 
than was the case in present-day boiler practice. The 
flue gas borne solids had to be removed, the authors felt, 
before they could become wet and adhesive, or in othe 
words, in a dry state 

Particles in the size range of ten microns and down 
are responsible for causing visible stack discharges as 
well as deposit and corrosion problems on the low tem 
perature surfaces. This fly ash is hygroscopic, can ad 
sorb water vapors and gases at relatively high tempera 
the 
fines which can raise dewpoint temperatures as much as 
75 F. High sulfur fuel oil indicates this phenomenon at 


temperatures over 350 F 


ture, and is particularly pronounced in case of 


These theories were put to the test at three sites, 
a prototype dust collector installed on a small test set 
at Waltham, Mass., and experimental installation at the 
Hell Gate Station of Consolidated Edison Co., and a full 
scale application at the Barking Steam Generating Sta 
tion, east of London, England. 

H. Klemperer, Air Preheater Corp., 
James Howden & Co., Ltd., 
“Design Aspects of an Electrostatic Precipitator for the 
Collection of Small Solids Ahead of the Air Heater,’ 
a novel electrostatic precipitator that operates in the 
gas 
velocity of 40 fps, and was the first large scale application 
of the design themes advanced in the preceding paper by 
Karlsson. 


and J. E. Sayers, 


described in their paper 


temperature range between 500 and 750 F, at a 


Tigges and 

Ihe installation was put in at the Barking Station 
of the British Electric Authority on a bin and feeder 
fired pulverized’ coal unit with a rating of 150,000 Ib 
An economizer bypass was provided so 
the economizer 


per hr of steam 
the normal gas exit temperature from 
(400 F) could be regulated as desired to give a flue gas 
temperature range from 400 to 700 F 

One major problem was to be certain the electrostatic 
precipitator employed was kept so clean that re-entrain 
ment of already collected particles in the collection zone 
and back would be im 
possible the 
trostatic precipitator’s collecting elements is cleaned 
periodically and at short intervals with a high velocity 


emission in the ionization zone 


ro accomplish this a selection of elec 


scavenging gas flow and then at longer time intervals 
Ihe blown-off dust, carried by the 
scavenging stream, goes to a mechanical after collector 


by a soot blower 
for removal. 
The actual 


temperature and with a gas velocity of 40 fps consists 


electrostatic collector operating at high 


of twelve independent sectors, arranged: in rotary sym 


metry By means of rotating gas ducts, each sector 


passes through precipitating and cleaning periods in 
cyclic A mechanical collector precedes the 


electrostatic unit to lower the rate of growth of dust de 


sequence 


posits on the electrodes 

rhe authors discussed the theory behind the precip 
itator design and described its application. Since the 
units have been in operation in their entirety only from 
July of no conclusive data were available 


this year 
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However in the first series of tests overall system effi 
ciencies of 97 per cent were obtained indicating it is 
practical to extract fly ash from flue gas at 40 fps 


Industrial Boilers 


The subject of industrial boilers was handled in a 
number of scattered sessions under the sponsorship of 
various divisions. The material presented ranged from 
general guides to rather specific descriptions of individual 
boilers and one paper introduced a direct-fired waste heat 
boiler for oil refinery service 

C. E. Rodenburg and J. M. Brown, Ford, Bacon & 
Davis, Inc., delivered their paper on “Industrial Boiler 
Plant Design Factors’ primarily as a guide for manage 
ment and operating personnel. The purpose behind the 
presentation was to stress the authors’ conviction that 


boiler plant design should be based on continuity of ob 


jective and policy. With such an approach one of the 
most severe limitations on the designer will be lifted 
The authors claim that a design can be no better than the 
is based. A continued policy 


the design through greater 


information on which it 
and objective will improve 
information 

For example, an industrial plant planning to expand 
production or replace an outdated plant is looking for a 
high efficiency, low maintenance installation where in 
vestment costs run high. On the other extreme 
cision to enter a new field or take a flier on a new product 


a de 


may indicate the lowest possible first cost of investment 
Phe plant design to meet these vastly different require 
ments is certain to reflect the magnitude of these differ 
ences 
Similarly 
sound design \ 
pends upon the mutual relationship between the two 


vital to 
service de 


the anticipated load demand is 


combined electric-steam 
demands to produce an economic design. A gross error 
in demand data could produce a plant throttled to partial 
capacity by a bottleneck in an undersized auxiliary 

Che authors took the balance of their paper to single 
out certain other essentially non-technical considerations 
that influence plant design either directly or indirectly 

Thomas D. Coyne, Gibbs & Hill, in his paper ‘Typical 
Small and Medium Steam Plant presented a 
features ol 


Designs 


discussion of salient two industrial steam 


The objective was to 
and 


plants designed by his company 
extend the benefits of good engineering into small 
medium-sized steam-heating and process plants, partic 
ularly for coal-fired boiler units. The total cost based 
upon the initial installation of two boilers amounted to 
$7.19 per Ib of steam for the 35,000 Ib per kr boilers and 
$6.88 per Ib for the 60,000 Ib per hr units. For the ulti 
mate three boiler plants costs were $6.20 and $6.51 per 
Ib of steam, respectively 

Mr, Coyne presented two highly interesting tables in 
support of the above figures. They listed by major item 
classifications the installation, labor and total costs for the 
35,000 Ib per hr installation in the one case and for the 
60,000 Ib per hr unit in the second 

The Dual Circulation Boiler in the Industrial Power 
Plant’ by R. A. Lorenzini, Foster Wheeler Corp., re 
viewed the earlier discussions of this particular boiler 
design. Its prime purpose is to get around the problems 
facing industrial power plants with high makeups and 


high solids concentrations in the feedwater. This boiler 
design employs the principle of stage evaporation to 
maintain low concentrations without high blowdown 
rates. In dual-circulation units provisions are made to 
condense all or a portion of the steam in a secondary sec 
tion. The design can be of either the single-drum or 
multi-drum type and the arrangement depends on sev 
eral factors such as anticipated feedwater conditions, 
design pressure and permissible steam-release rates. 
The major advantage of the dual circulation principle is 
that the less expensive forms of chemical treatment con 
sisting of hardness removal and silica reduction can be 
used. 

Mr. Lorenzini discussed 
four industrial areas using hot process and hot zeolite or 
rhese costs comparisons 


water treatment costs for 
employing demineralization 
included water treatment equipment charges as well 
“Operating Experience with Dual Circulation Boilers 
Using 100 Per Cent Makeup” by J. R. Goff and J. E. 
Harden, Standard Oil Co. of Indiana, was a follow-up 
paper to the Lorenzini one on the design of this partic 
ular boiler. The authors the background of 
their company’s decision to go to a 1500 psi dual circula 


traced 
tion boiler. One of the main reasons for the selection of 
this particular design was its expected ability to minimize 
the total solids and silica carryover as well as the required 
blowdown 

Results on this type boiler have been fine to date 
Even though it is economical, because of a blowdown 
heat recovery system Standard of Indiana installed, to 
operate with a 7.5 per cent blowdown and carry a boiler 
water concentration of 2000 ppm in the secondary steam 
generating section, it would be possible, the authors 
stated, to carry a 3000 ppm concentration in this section 
and blowdown at a 5 per cent rate if there were not a 
heat recovery system. The 400- to 10-psi auxiliary tur 
bines in the power station use the exhaust steam from the 
1500 psi topping turbines. If the silica in the steam 
leaving the 1500 psi boilers is in any appreciable quantity 
it would show in these turbines first. They show no 
such indication 

Runs of 12 months were normal on the dual circulation 
boilers between Control 


been relatively easy and rather extensive swings in high 


maintenance shutdowns has 
pressure steam production have been handled smoothly 


Gross efficiency has been maintained at from 86 to 87 
per cent while burning oil or gas 

O. F. Campbell and N. E. Pennels, Sinclair Refining 
Co., collaborated on the paper ‘‘CO Boiler and Fluidized 
Bed Steam Superheater on Sinclair Refining Co.'s New 
Fluid Unit at the Houston Refinery rhe subject mat 
ter of this paper, a waste hezt boiler, is a new approach 
to a long standing refinery problem. With it, formerly 
wasted, low heating value flue gas from refinery catalyst 
regenerators can be used. The boiler is coupled to a 
fluidized bed steam superheater to give the fluid catalytic 
cracking units an independent steam supply that is al 
ways under the control of the fluid unit's operator 

rhe heat input to the waste heat boiler comes from the 
sensible heat and carbon monoxide heat of combustion of 
the regenerator exit gases, and from supplementary fuel 
required to burn the carbon monoxide to carbon dioxide 
Just as this CO boiler is a ‘‘first 
trolling the fluidized bed temperature by superheating 
a first. The difference between this superheater 


so is the method of con 


steam 
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and one in a boiler is the medium surrounding the coils. 
In a boiler the hot flue gas flows past the tubes whereas 
these coils are immersed in a fluidized bed. The super- 
heater tubes are bombarded with very fine hot catalyst 
particles and the heat transfer rate is greater than in a 
conventional boiler. In fact as compared with a steam 
superheater of a fired boiler the heat transfer rate appears 
to be from five to seven times as much for the same tem 
perature differential 

The operation of a respray to control the superheater 
temperature was described and many of the operating 
and design details were furnished. The heat absorbed 
by this respray superheater varies between 80,000,000 
Btu per hr to 170,000,000 Btu per hr. 

A number of advantages were cited by the authors for 
this new waste heat boiler in refinery service. 

‘A Study of Spreader-Stoker Reinjection Systems” 
was presented by W. C. Holton, Battelle Memorial In 
stitute. Initially reinjection was a means of disposal for 
efficiency. The results of tests previously described in 
the literature are reviewed and compared. From these 
comparisons the author draws certain conclusions. 

But before presenting these conclusions Mr. Holton 
calculation and the establish 
ment of a system of material balances on reinjection 
rhe assumption has been made that the quantity of 
cinders originating from the coal fired and from the 


describes his method of 


grate will be the same for tests at the same boiler rating 
when operating either with or without reinjection. An 
efficiency rating for reinjection from the standpoint of 
disposal is established in which this efficiency is defined 
as the ratio of the fly ash deposited on the grate to the 
total weight reinjected 

Fly-ash balances, fly-carbon balances and balances 
on heat loss to combustible in refuse were discussed and 
also their various influences on the final appraisal of a 
reinjection system 

In summarizing his paper Mr. Holton stated that the 
manufacturers of spreader stokers have achieved a meas 
ure of success in obtaining good efficiencies of reinjec 
tion without in unmanageable dust problem 


Much work remains to be done, though, in perfecting 


creating 


existing systems and testing newer ones. 


Marine Boilers in Stationary Practice 


T. T. Judge, International Paper Co., recounted the 
experiences of his firm with a 4925 kva turbine generator 
and auxiliaries, 32,000 Ib per hr, 450 psig, 750 F 
boilers comprising a marine-type electric generating plan 
1948. All in all results were surprisingly 


two 


installed in 
good 

Many of the outstanding design features highly praised 
idopted in the specifications for 
rhe 
operating record backs up the operator's reactions since 
the units have a remarkably high avail 
ability and with very low maintenance 


by the operators wer¢ 


subsequent power equipment last six years 


performed at 


Che author gave a report on the more important of the 
In almost all instances the diffi 
culties were readily overcome. Any major repairs could 
be held off or worked into the scheduled shutdown pe 


operating difficulties 


ri“ xls 


‘Land Based Operation of Marine Boilers’ presented 
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by E. T. Eyring and J. O. Rich, Salt River Power District 
described how the combination of heavy load growth im 
mediately after World War II and an extreme drought 
forced their company to put in for the second time 
steam-generating equipment. Since it was difficult to 
get quick deliveries in the post-war days they leased a 
U.S. Navy mobile steam plant in 1946. 

Their initial operating days were made extremely dif 
ficult because of low quality fuel oil that slagged the fire 
side of the tubes and forced outages for cleaning every 8 
to 10 weeks. When the boilers were converted to fire 
natural gas the slagging problem disappeared, From 
the spring of 1949 through the summer of 1952 the boilers 
were operated continuously except during annual main 
tenance periods. The authors feel the operation of these 
marine units was as satisfactory and reliable as any of 
the stationary steam-generating equipment operated by 
the Salt River Power District. 

J. H. Colby, Diamond Alkali Co., presented his com 
pany's comments on marine boilers in a paper entitled, 
‘Four Years Stationary Operation of Marine Boilers.’ 
Four oil-fired, divided-furnace marine boilers originally 
designed for U. S. Navy destroyers, class 692, were pur 
chased as war surplus to meet a large post-war increase in 
paper and board production capacity of the Texas divi 
sion of the Champion Paper and Fibre Co. 

rhe author gave the details of the boilers and the al 
terations they underwent. One of these was conversion 
to natural gas firing. A second and perhaps most im 
portant alteration was in instrumentation to make the 
fully Further a 
flight water treatment program was set up to give the 


units as automatic as possible top 
best possibie water in the boiler despite heavy makeup 
requiring blowdown approaching 16 per cent or so 

Mr. Colby reported that these marine boilers have 
proved a dependable and economic source of steam 
They have been utilized 70 per cent of the time but avail 
able 98 per cent. Steam cost for the past year has been 
25 cents per million Btu and 28'/, cents per 1000 Ib of 
Natural gas has cost 13 cents per million Btu 
and the Chargeable 


labor and supervision amounted to only 3 per cent of the 


steam 


represents most of steam cost 


cost; maintenance, about | per cent and power, depre 
ciation, taxes and overhead, the remainder 


Residual Fuel Oil 


Continuing interest in the problem of combating cor 
rosion induced by certain constituents of residual fuel 
oils was indicated by the presentation of three papers, 
one dealing with work in Switzerland om chemical and 
physical factors in deposit formation, another concerned 
with modifications of fuel oil for gas-turbine use and a 
third having to do with evaluation of corrosion resistance 
of gas-turbine-blade materials 

P. T. Sulzer of Sulzer Bros., Winterthur, Switzerland, 
in a paper entitled ‘The Influence of Some Chemical and 
Physical Factors on the Formation of Deposits From 
Residual Fuels 
oil ash during combustion 
metallic organic compounds and suspensions 
or emulsions of aqueous solutions of inorganic substances 


attempted to explain the origin of free 
The ash consists of solu 


tions ol 


In the combustion process all the inorganic compounds 
with relatively low vapor pressure are concentrated in 


the residual carbon particle. It is during the complete 
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combustion that the ash particles first begin to form, 
consisting of stable metallic oxides. It is important to 
distinguish between primary reaction of ash constitutents 
after combustion of all carbon, secondary reactions which 
occur in the gas stream between the flame zone and the 
place of deposition and tertiary reactions which take 
place at the Sulzer told of 
European investigations to prevent deposits through the 
additives and tests carried out on a 
semi -closed 1),000-kw gas-turbine plant. Very 
favorable results were obtained by adding a suspension 
consisting mostly of aluminum silicates. During a total 
2200 hr on treated fuels it was not found 


deposition surface. Dr. 
use of discussed 
cvcl 


running time of 
necessary to clean the turbine 


In a paper entitled ‘Modified Residual Fuel for Gas 
lurbines,”’ B. O. Buckland and D. G. Sanders of General 
Electric Co a scheme for removing sodium 
from fuel oil 
intimately with water or 
salt and then centrifuging the mixture 
or more of the sodium is washed out and the calcium 
content is substantially reduced. Turbine tests of 50 
to 1500-hr duration using these desalted fuels show that 
deposits can be almost eliminated by keeping both the 
sodium and the calcium below 10 ppm. Treating va 
nadium-containing fuels with calcium or magnesium 
shows that, below 1650 F, magnesium is a better inhibitor 
than calcium. The presence of lead in sufficient quan 
tities in the fuel spoils the inhibition of vanadium by 
means of With further development it is 
possible that the present costs of 14¢ per bbl for treat 
Even should 


described 

This is accomplished by mixing the oil 
a water solution of a suitable 
Ninety per cent 


magnesium 


ment can be reduced to three to five cents 
residual fuel oil become less generally available, the 
lessons learned in burning it can more or less directly 
be applied to the burning of coke, pitch or whatever other 
petroleum product appears in its place 


rhree engineers from Westinghouse Electric Corp., 
W. E. Young, A. E. Hershey and C. E. Hussey, Jr., 
presented a paper entitled “The Evaluation of Corrosion 
lurbine-Blade Materials 
analysis of gas-turbine-blade material before and after 
to the combustion products of residual fuel 


Resistance for Gas Surface 
exposure 
oils demonstrates the corrosive effect of these produc ts, 
and a measurable indication may be obtained in a fra 

tion of the testing time required to produce appreciabk 
weight loss. Surface analysis has the further advantag: 
that it is possible to measure corrosion in specific regions 
on a specimen where the specimen has been exposed to 
a gas-flow pattern with a well defined temperature pro 
file. Weight loss measurements following lengthy tests 
have shown good agreement with this method of analysis. 
The fusion temperature of the fuel ash appears to be a 
reliable criterion for judging the corrosivity of residual 
fuel oil, and good correlation has been obtained between 
ash-fusion temperatures and corrosion both for untreated 
oils and oils with additives 


Steam Turbine Locomotive 
In a joint effort by the engineers and designers of a 
steam locomotive placed in service on the Norfolk & 


Western Railway last summer, P. D. Evans of the Steam 
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Division of Westinghouse Electric Corp., C. C. Hamilton 
of the Babcock & Wilcox Co. and R. P. Stoddart of 
taldwin-Lima-Hamilton Corp. presented a descriptive 
paper entitled “Coal-Fired Steam Turbine-Electric Loco 
motive for Norfolk and Western Railway Several 
features which have proved satisfactory in marine and 
stationary practice are included for the first time in the 
particular combination chosen for this locomotive design. 
The 600-psig, 900-F watertube boiler, with complete auto 
matic control of fuel and air to the furnace as well as feed 
water to the boiler in exact proportion to steam demand, 
and the self-cleaning traveling grate on which the coal is 
burned are entirely new to locomotive practice 

The locomotive has a 6-6-6-6 wheel arrangement, each 
of the twelve axles being powered by a direct-current 
series motor of the type generally used for electric trac 
tion. Its continuous tractive effort is estimated at 144,000 
Ib. at 9 mph 

rhe boiler is of the low-head, 
natural-circulation water-tube type incorporating a super 
heater, economizer and air heater. Coal is delivered by 
a modified railroad-type steam-jet spreader stoker, and 
a forward moving Rotograte continuously discharges 
ash at the firing end. The ash is distributed in the long 
flat ash pan by intermittent blowing of steam jets. 

The steam turbine is of the noncondensing impulse 
type with a rating of 4500-hp input to the generator for 
traction plus approximately 200 hp for auxiliary power 
At rated output the turbine operates at 8000 rpm, while 
its idling speed is 4800 rpm. The two direct-current 
traction generators which are mounted back to back 
are driven through a single helical-type reduction gear 
at a speed of 900 rpm at rated load. 


longitudinal-drum 


Performance of Norfolk and Western’s Experimental 
Coal-Burning Steam-Turbine Electric Locomotive’ was 
the title of a paper by I. N. Moseley, research and test 
engineer of the Norfolk and Western Railway. He 
described full-scale dynamometer tests which were be 
gun on July 19 and completed on October 2, 1954. 
Westbound tests on the Radford Division showed the 
turbine locomotive capable of handling 3600 tons of 
empty coal hoppers from Roanoke to Bluefield. East 
bound tests on the same division established a rating of 
11,500 tons. By comparison to a 2-8-8-2 mallet loco 
motive, the turbine-driven engine made 4 to 13 per cent 
less speed on mountainous divisions but showed a fuel 
saving of 20 to 30 per cent, while handling the same ton 
nage It was also capable of pulling between 18 and 27 
per cent more tonnage with fuel savings ranging from 
19 to 37 per cent. Similar results were shown on rel 
atively level divisions, where again speed was lower 
than conventional steam locomotives now serving these 
regions, while fuel cost per thousand gross ton-miles 
was reduced by a factor of 29.9 per cent on eastbound 


runs 


Canned Motor Pumps 


A series of three papers on the development of canned 
motor pumps was presented by engineers of the West 
inghouse Electric Corp. In the first of these by B. 
Cametti, ‘Pumping in Hermetically Sealed Systems,’ 
related experiences on one size of pump operating in 
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water systems at about 450 F and at around 2000 psig 
are presented. The hydraulic capacity at full power 
pumping of 4000 gpm while developing 


rhe conventional type 


necessitated the 
a total dynamic head of 100 psi 


shaft seals have been eliminated by enclosing the entire 


motor and pump assembly into one hermetically sealed 


housing. To date, several sizes of units have been 


developed having capacities ranging from 30 gpm and 30 
Operating time on existing 
units varies from as much as 20,000 hr on the smaller 


sizes to 10,000 hr on the larger ones 


psi to 4000 gpm and 100 psi 


The second Design and Operation of Small 
Canned Motor Pumps,’ was presented by A. J. Mei, 
who enumerated the chronology of the designs beginning 
stator 


paper 


with the original oil-cooled windings and pro 


gressing to the present silicone-insulated stators with 


During the development of these 
standard 


water-cooled frames 
com 
Some 


pumps every effort was made to use 
mercial practice and materials where acceptable 
modifications and new techniques were required, in 
cluding the use of such materials as carbides, precip 
itation-hardening stainless steels, age-hardened Inconel 
“X”’ and “W”’ and tests of the compatibility of materials 
in contact while immersed in moderate and high-tem 
perature water. 

W. M. Wepfer and E. J. Cattabiani presented the 
third paper, ‘‘Water-Lubricated Bearing Development, 
in which they outlined the extensive test programs under 
taken to determine the most satisfactory materials. The 
best performance is observed when both journal and 
bearing are in the very hard range, and this is equally 
true if one of the bearing elements is carbon-graphite, a 


The 


success as 


definite preference showing for the harder grades 
group has an record of 
have many grades of tungsten-carbide and some of the 
The medium-hard materials, 
cially nickel-bearing alloys, are generally inferior as beat 
Nitrided stainless steel performs well 


ceramic impressive 


stellites. soft and espe 
ing components 
with hard grades of carbon-graphite, though some cor 
1S lost by 


rosion resistance nitriding 


Gas Turbines 


on gas-turbine operating ex 
of the 
f these, “Operating Experience 
W. B. Moyer 


units which have ac 


Two companion papers 


perience ented by General 
Electric Co Che first 
Electric Ga 


summarized the experience on 71 


were prt engineers 


on General lurbines” by 
cumulated over 345,000 hr of operation. 
shaft 
ing power and have operated during 11 installed years for 
a total of 42,611 hr 191,000,000 kwhr for an 
average load of 4500 kw Che major maintenance items 
on these turbines are combustion liners, first-stage-nozzle 


Eight simple-cycle single machines are 


generat 


ind over 


repairs, controls and accessories maintenance, with the 
remainder of the turbine showing little appreciable wear 
two-shaft has ac 


A single regenerative-cyck machine 


cumulated two installed years of operation of 2690 hrs in 


peak load and standby power generation, but the expe 
rience is insufficient to predict adequately what differences 
in maintenance this type 


inte rcooled cve le 


gas turbine entails Ten re 


generative two-shaft turbines have 


been manufactured and have operated for 15 installed 
32,197 hr at 


years totaling an average electrical load of 


3750 kw While the first six of these units experienced 
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outages to modify thrust bearings, flexible couplings, 
second-stage buckets, vibration and gears, these condi 
tions have all been corrected and the turbines are now 
operating satisfactorily. On the Union Pacific Railroad 
27 of the simple-cycle single-shaft machines have ac 
cumulated a total of 16 locomotive years, 72,383 hr and 


over 1,700,000 miles of operation. Running maintenance 


has been higher than overhaul maintenance and has in 
cluded inspection and replacement of combustion liners, 


change of fuel nozzles and elimination of a valving seizure 
fuel pumps. In the field of natural-gas 
pumping, 3S regenerative two-shaft machines 
operated 37.5 installed years for a total of 190,734 hr 
Che machines in this application have shown advantage 
over reciprocating engines by reducing operating labor 5 
to |, lubricating-oil consumption 10 to | and water con 


condition in 
have 


sumption 4 to | 

Mr. Moyer stated that the 
improvements required to make fuel 
operation equal to that of natural gas lie in providing 
fuel further the 
system overall gas 


In his conclusion Ina jor 


residual turbine 
and in improvement of 
combustion The 
turbine plants shows a steadily improving picture even 
though it is already very creditable, averaging close to 90 
per cent. This will be accomplished 
through reduction of outage time due to mechanical 
failures and reduction of time-consuming combustion 
chamber and other inspections heretofore required 
Reliability of these plants is shown by their low un 
scheduled outage time which ranges from one per cent in 
central-station applications to 6.8 per cent in the first 
vear of operation on gas-pipeline-pumping installations. 


noncorrosive 
availability of 


mnprovement 


In the companion paper, ‘‘Gas-Turbine Bucket Operat 
ing Experience and Bucket-and-Wheel Design Method, 
T. N. Hull, Jr., stated that in a total operating time of 
360,000 hr unscheduled turbine 
buckets has been 50 hr or 0.014 per cent of the total 
period, including substitution of the spare locomotive 
turbine. This with General Electric 
commercial gas-turbine buckets compares favorably with 
the reliability of lo date no 
bucket maintenance any of 
the machines operating on nautral gas, while a limited 
with re 


outages caused by 


gas experience 


modern steam turbines 


has been encountered in 


imount of maintenance has been associated 


sidual-fuel-fired machines Design temperature of the 
first-stage gas-turbine buckets at the bucket pitch diam 
1150 to 1300 F, with a inlet 


iverage temperature from 1400 to 1525 F dis 


turbine 
Phe 


charge from the combustion changers does not have an 


eter ranges from 


even temperature distribution which may cause portions 
of the bucket to operate at a much higher temperature 
than the thermodynamic design temperature. In an 
other part of the paper the author presented a method for 
making the preliminary mechanical design of a gas 
turbine bucket dovetail and wheel. 


\ very comprehensive paper discussing a number of 
ways of utilizing the energy in gas-turbine exhaust was 
presented by A. A. Hafer and W. B. Wilson of the Gen 
eral Electric Co. under the title ‘‘Gas-Turbine Exhaust 
Heat Recovery Following a tabulation of minimum 
permissible stack temperatures for various fuels and an 
analysis of losses associated with steam plants, diesel 
engines and gas turbines, the authors discussed combined 
steam-gas turbine plants. They pointed out that of the 
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07 gas turbines installed by their company 57 per cent 


had some provision for utilizing exhaust heat, including 
regenerators, feedwater heaters and waste-heat boilers 
Mention was also made of the use of exhaust gas to dry 


arious manufactured products 


Safety in Nuclear Engineering 
Operations 


R. L. Doan of the Phillips Petroleum Co. presented a 
entitled Basic Safety Procedures in Reactor 
which was concerned primarily with the Ma 
Reactor (MTR) of the AEC Reactor 
it Idaho Falls, Idaho rhe operational 
a nuclear reactor hinges on core geometry, ex 


pauper 
Operation 
terials Testing 
lesting Station 
matety ol 
cess reactivity, reliability of control system and coolant 
ind adequacy of instrumentation Mr. Doan pointed 
out that it is the 
for reactors constructed in this country 
detail 


a reactor safeguards 


practice to prepare a ‘Hazards Survey 


Report These 


reports are reviewed and discussed in with the 


operating contractor's personnel by 
committee which acts in an advisory capacity to the 
\tomn 


The basi 


Energy Commission 


philosophy of the reactor control for the 
MTR is to provide several independent devices for shut 
Only the 


operator can bring the reactor to power, and his actions 


ting the reactor down and none for starting it 


are at all times rendered ineffective if they do not con 


form to a predetermined safe procedure Even if they 
do conform, any potential hazard that develops will over 
ride the operator's action 

Reactor-control instrumentation is based on signals 
neutron-detection instruments located at 
suitable structure From 
these signals the logarithm of the neutron level and reactor 
The central problem of the con 


irising in the 
positions inside the reactor 
period are ck veloped 
trol system at MTR is to provide continuous measure 
"lof full 


is already significant neutron multi 


ment of neutron-flux level over a range from 10 
power, when there 


plication, up to full power 


\ report on safety lessons learned from the accident 
which 1952 at the Canadian 
Chalk River NRX experimental reactor was presented 
by G. W. Hatfield of Atomic Energy of Canada Ltd. in a 
paper entitled ‘‘A with Improve 
ments Adopted as a Result 
by a mechanical failure in the shutoff rod system, result 


occurred in December 


Reactor Emergency 


Che accident was caused 


ing in a power surge which led to overheating of some of 
the reactor components 

From the experiences gained in the decontamination 
and reconstruction of this reactor, a number of improve 
ments were adopted which should be considered in the 
design of future reactors 

| In building any nuclear reactor the ease of dis 
mantling the unit must 
original design 

2. When building a reactor which requires heavy or 
light water as a coolant, all surfaces below the reactor 
should be of a smooth finish and nonabsorbent 
of its absorption properties and difficulty in cleaning, 
bare concrete is a poor surface to be exposed to radio 


ilways be incorporated in the 


Because 


activity accompanied by a liquid 
2. When building a reactor which requires heavy or 
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light water as a coolant, all surfaces below the reactor 
should be of a smooth finish and nonabsorbent Because 
of its absorption properties and difficulty in cleaning, bare 
concrete 18 a poor surface to be exposed to radioactivity 
iccompanied by a liquid 

4. All panel boards for instruments and equipment 
that the reactor should be sus 


pended from the ceiling instead of attached to the floor 


must be located below 
rhis is to prevent contamination at bolt holes and other 
points of points of attachment 

4. For liquid reactors it is desirable that a large fun 
beneath to collect 
his material should be piped 


nel be installed directly any active 
solution that may leak 
to one controlled central point 

5. All horizontal surfaces in the main reactor build 
ing, including overhead girders, cranes, etc., should be 
sealed with a material of smooth finish, thereby easing 
decontamination For the same reason a smooth surface 
should also be applied to walls and other vertical surfaces 

6 rhe ventilating system in a reactor building should 
be designed with enough extra inlets to provide a quick 
means for attaching portable connections in special loca 


tions when emergencies arise 


Disposal of Radioactive Wastes’ was the subject of a 
paper by Abel Wolman and A. E. Gorman of the Atomic 
Energy Although there are adequate 
means to control waste at present, they 


Commission 
are quite expen 
sive, and more economical ways will have to be found if 
atomic energy is to compete favorably with other fuels 
Che Atomic Energy Commission has placed research and 
development contracts with universities, private in 
dustry, the National laboratories and other federal agen 
cies to evaluate various waste-disposal methods and par 
ticularly the extent to which the ground, surface water 
ways and the air may be used to store, shield, dilute and 


disperse radioactive wastes 


Feedwater Heaters 


In presenting the user's viewpoint on feedwater heat 
ers, S. M. Arnow of the Philadelphia Electric Co. de 
fined an economical power plant as one which works con 
tinuously, unobtrusively and trouble-free. From this 
viewpoint he added that it is far less important that the 
heater have the exact number of tubes than that it have 
the exact number of vents at the proper places to prevent 
the tubes from corroding; less important to place the 
heaters at the exact theoretical point in the cycle than to 
be sure that the joints do not leak with any fluctuation in 
load; less important that certain terminal differences be 
main-amed than that baffles and stay rods remain intact 

lo carry out the mutual responsibility shared by 
manufacturers and users Mr. Arnow urged heater de 
signers to concern themselves with as much enthusiasm 
for mechanical design as they have heretofore expended 
upon thermal and heat-transfer rhis 
means job follow-up after installation, study of failures 


Users 


considerations. 


and determination of causes to prevent repetition 
on the other hand, must write specifications that will 
allow designers to make free use of their experience and 
not restrict them unduly by specifying details within 
very narrow limits. Mr. Arnow added that it ts enough 
to specify what heaters should do and let the designers 
worry about how it should be done 
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Fresh Water from Sea Water 
Evaporators at the Morro Bay 
Steam Plant 


By ALBERT W. BRUCE 


Mechanica! Engineer, Pacific Gas and Electric Company, San Francisco, California 


This article outlines the alternative 
fresh water sources that were considered 
and explains why it was finally decided to 
install sea water evaporators. A descrip- 
tion of the evaporator cycle and equip- 
ment required is presented along with the 


cost of making fresh water from the sea. 


MONG the m 
steam plant site is 
for boiler feedwater makeup and general use in 
It sometimes happens that other site con 
iilability of land and condenser 
cooling water, satisfactory foundation conditions, ease of 


iny requirements for a satisfactory 
a reliable source of fresh water 


the station 
siderations such as av 


electrical interconnection to the system, accessibility of 
highways or railroads and suitable delivery for fuel are 
but an adequate supply of fresh water pre 
sents a problem Morro Bay 
which was a desirable site except for fresh water. 

rhe cost of properly conditioned makeup water for the 


satisfactory ; 
rhis situation existed at 


boilers is appreciable, and to obtain it from the sea does 
not represent as much of an increase over more conven 
tional sources as one might think unless some study has 
been given to the problem. Actually raw 
water is only one of the factors that make up the total 


cost of fresh water before it is finally fed into the boiler 


the cost of 


Even though the sea water evaporators do increase the 
be shown that 
the effect on the overall plant cost can be such as to make 
the site still attractive 


cost somewhat for this one item, it can 


* Presented by the Power D ion at the Professional Divisions Fall Con 
American Society { Mechanica! Engineers, San Francisco 
California, > ember 12, 1954 


ference ection 


an Prancisco 
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rhe initial installation at Morro Bay Steam Plant will 
consist of two 156,250-kw reheat turbine-generators and 
two 1,135,000-Ib per hr boilers designed for turbine inlet 
conditions of 1800 psig, 1000 F with reheat to 1000 F 
Phe first unit will go into operation early in 1955 and the 
second in 1956 

The amount of fresh water required for these first two 
units including some margin was determined to be 100 
gpm 
for drinking and sanitary use 
proximately half will be used for boiler make-up and the 


Of this amount about 2-3 gpm will be required 


Of the remainder, ap 
rest for general utility purposes. For emergency fire 
fighting, fresh water will be taken from the 500,000-gal 
standpipe located on the bluff above the plant with sea 
water being used as a backup 

Che various methods of producing fresh water which 
were studied will now be discussed briefly. 


Vunu tpal Water Suppl y 


rhe first source of water investigated was the local 
municipal water supply of Morro Bay and _ vicinity 
Except for the small amounts of drinking and sanitary 
water required at the steam plant, the local supply was 
not available because of the limited amount. 


Wells on the Steam Plant Property 
Che next source of water investigated was wells on the 
There were two wells on the prop 
Because of the proximity 


steam plant property 
erty when it was purchased 
of the wells to the ocean, there is the possibility that they 
may become contaminated with salt water if they are 
pumped too heavily. In this region, where the rainfall i: 
light and in cycles, the wells were not considered adequat« 


to give an assured water supply. However they will be 

















used for general utility purposes to the extent of their 


capability 


/:filuent Water From the Sewage Treatment Plant 


rhe Morro Bay Sanitary District 
sewage treatment plant north of the steam plant which 
will treat the from Morro Bay and the communi 
ties as far north as Cayucos rhe 
plant will not be of the final type, so although the water 
effluent is sanitary, it will contain detergents which would 
to be eliminated by additional treatment to make 
the water suitable for station evaporator makeup. Be 
cause of the cost of the treatment and the 
variation of flow of the municipal plant, it was decided the 


is constructing a 


wewupe 


sewage treatment 


have 
idditional 
use of the effluent water was not feasible 


Construction of a Reservoir 


Plant is located at the mouth of 
» creek did not have a good dam site 
and it was decided to study the water flow in Toro Creek 
which is in the next major watershed to the north. The 


cost of construction of the dam across Toro Creek includ 


Morre Say 
Morro Creek, but thi 


steam 


ing the necessary relocation of roads and petroleum pipe 
lines to avoid the reservoir, made this alternative source 
of water more expensive than sea water evaporators for 
two units, although for four units constructed initially, 
the annual costs would be approximately the same 


Sea Water l-vaporators 


method studied was the use of sea water 


evaporators to produce fresh water 


next 
Phe capital expend 
iture for two units was less than the cost of the reservoir 
so the annual cost for two units was lower than that for 
the reservoir even though the operating costs for the 
than the 
was decided to install sea 


evaporators were higher those for reservoir 


Because of this lower cost it 


water evaporators to produce fresh water for the first two 
units 

rhe original specifications for the evaporator system 
the Pacific Gas and 
final system was designed by 


were determined by engineers of 
Electric Company Phe 
the engineers of Pacific Gas and Electric Company and 
the Bechtel Corporation who are the constructors of the 
plant. 

For each of the 
triple-effect 
(72,000 gal per day 
half is for boiler makeup and the remainder is for general 
Drinking and sanitary water will be 


will be installed a 
designed gpm 
Of this amount approximately 


first two units there 


evaporator to produce dO 


utility 
obtained from the local water system of Morro Bay 

As about half of the water to be produced from the sea 
water evaporators need not be of the purity required for 


puryp mcs 


boiler makeup, it was decided to specify that the solids 
content of the water produced could be as high as 50 
ppm. A part of this water will then be redistilled in the 
station evaporators to produce water of a purity of less 
than 1.0 ppm for boiler makeup 

The sea water evaporators were designed to be of suffi 
cient capacity to supply all the fresh water requirements 
even though the wells were not available, thus giving 
the plant an assured water supply. It is expected nor 
mally that there will be water available from the two 
wells on the property to be used for utility, standby fire 


and miscellaneous water purposes. In this case the sea 





water evaporators will only have to supply the makeup 


requirements for the station evaporators. The water 
from the wells is too hard for direct feed to the station 
evaporators and would require water treatment. It was 
decided not to install a water treatment plant at 
time as the effluent from the sea water evaporators 1s 


satisfactory for direct feed to the station evaporators 


this 


Description of Evaporator Cycle 


Chree principal methods of operation of the sea water 


eV aporator will be used 


Condensate effluent from the sea water evaporators 
is used for station evaporator makeup as re 
quired and the remainder pumped to the 500, 
000-gallon standpipe to be used for general 
utility purposes. During periods of large 
boiler makeup requirements, part of the steam 

from the will be 

routed to the main suffi 
cient steam will be supplied to the first-effect 


Station evaporators 


only 


Vapor 

condenser and 
sea water evaporator to generate the water re 
quired for station evaporator makeup 

\ll condensate effluent from the sea water evap 
orators is used as makeup to the station evap 
orator 

4. All condensate effluent from the sea water evapora 
tors is used as a supply to the standpipe. This 
case would probably be infrequent and would 
mean that boiler makeup was not required. 
Live steam would be used as there would be no 
vapor supply from the station evaporators 


MetTuop | lurer-Errect EVAPORATION 


(s illustrated in Fig. 1, the steam for the heating tubes 
of the first effect of the sea water evaporator is the vapor 
from the station evaporator normally, but also can be 
supplied through reducing valves from the auxiliary 
steam header for Method 3. The condensate from the 
first-effect evaporator tubes drains down through the 
first-effect drain cooler to the main station condenser 
where it becomes a part of the boiler feedwater. The 
vapor (steam) from the first-effect evaporator is the sup 
ply for the second-effect evaporator, and in turn its vapor 
is the supply for the third-effect evaporator. The vapor 
from the third-effect evaporator is condensed in an evap 


rhe 


orator condenser pressure in each vessel is a 


partial vacuum which reduces the temperature and there 


r 





Office end of the Morro Bay Steam Plant as it looked in late 
October, machine shop on left, warehouse, right. 
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fore reduces the deposits of minerals on the tubes. The 
absolute pressures at rated capacity are, for the first 
effect evaporator shell, 9.34 psia; second-effect, 4.97 
psia; third-effect, 1.84 psia; and for the evaporator con 


denser, 1.65 psia Chis high vacuum in the evaporator 


condenser is maintained by a two-stage twin yet arr ejec 


tor 

he makeup water for the evaporators comes from the 
auxiliary salt water cooling system after the water has 
gone through the cooling water heat exchangers. 1400 


gpm of sea water flows through the evaporator conden 
ser, 150 gpm of which is fed to the first-effect evaporator 
through the first-effect rhe sea 
passes through the succeeding effects and 100 gpm leave 
the third-effect e blowdown at the rated 
evaporator output of 5 rhe 
solids is increased 50 per cent from 36,000 to 54,000 ppm 
i blow 


lrain cooler water 


iporator as 
gpm concentration ofl 


Because of the high vacuum in the evaporator 
down pump is used to 


tunnel Che remainder of the 


pump the brine to the condenser 
discharge cooling water 
from the evaporator condenser is also discharged to the 
discharge tunnel 

It is interesting to the 


salinity with that of the Great Salt Lake in Utah which is 


above 54,000 ppm 


compare 

about 150,000 ppm 
Starch and boiler « 

sea water makeup to the 


ompound will be introduced into the 
ea water evaporator to modify 


the mineral deposits on the tubes so they are more easily 


removed 


METHOD 2 Pwo-Errect EVAPORATION 


\s illustrated in Fig. 2, the first-effect sea water evap 


orator is used as a Station high purity) evaporator and 


only the second and third sea water evaporators are used 


for generating steam from the sea water The purpose 


to give a balance between the new 


planned for this 


water generated and the steam required to generate it 


In Method 1, 2.2 time 
steam supplied 
As in Method 1, the 


much fresh water is made as 


ipor from the station evaporator 


ARRANGMENT OF EVAPORATOR EQUIPMENT 
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will generate steam from the first-effect sea water evap 
orator. However the makeup water supplied to the 
shell will be the 50 ppm effluent from the second and 
third effect sea water evaporators, With this feedwater 
it is expected to obtain steam with a purity of 2 ppm 
Combining this effluent with the 0.5 ppm effluent ex 
pected from the station evaporator will give a combined 
water purity of about 1 ppm 

Che vapor from the first-effect evaporator will supply 
the second-effect evaporator and will drain through a 
second drain cooler to the main condenser. In order to 
keep the makeup water requirements in balance with the 
steam generated, part of the drains from the second-effect 
evaporator heating tubes are combined with the effluent 
from the sea water evaporator condenser after first pass 
ing through the second-effect drain coole1 
Errect EVAPORATION WitH Livi 


\VIeTHOD 3 PHREI 


STEAM 


Che process in the sea water evaporators in Method 3 
is the Method |. The difference is that 
steam, supplied from the auxiliary header 
nected through reducing valves from the boiler, is the 
source of heating steam to the first effect of the sea water 


same as live 


steam con 


< vaporators 


lrrangement and Description of kvaporator Equipment 


The sea water evaporators will be located in the turbine 
level 13 ft the 
Station evapora 


intermediate floor above 
ground floor level. The “high purity 
tor is located on the turbine floor level 26 ft above the 
ground floor. The evaporator condensate pumps and 
blowdown pumps are located on the ground floor directly 
below the Phe auxiliary 
water pumps which supply the cooling water for the 
evaporator condensers and the feedwater for the evap 
orators Morro Bay 
1400 gpm of sea water are pumped in a 10-in. line through 
the cooling water heat exchanger to the sea water evap 


room on the 


evaporator condenser salt 


are located in the screen house on 


orators 

The sea water evaporator system for each of the first 
two units will be the same. The description of the 
major parts of the equipment for each set follows. The 


exchanger equipment are 


evaporators and other heat 


manufactured by Lummus Co 


THREE EVAPORATORS 


»- in, thick welded copper bearing 


tee! shell 72-in. O.D. & 


20 ft O in. overall length, with welded steel shell cover and 
welded steel bonnet and steel splash-type vapor separator 
1050 sq ft of l-in. O.D. 16 BWG aluminum bra traight 
tubes will be used with naval rolled brass tube sheets and 
cast bronze floating head covers. On the first effect only 
of Unit No. 2, for experimental purposes, there will be in 


talled tubes of 70-30 cupro-nickel inhibited with 0.5 per cent 

Fe and tube sheets of 90-10 cupro-nickel inhibited with 1.5 
per cent Fe All tubes will be installed with a 1°/, in. square 
pitch to aid in cleaning the tube 


VAPORATOR CONDENSER 
s divided flow with welded copper bearing steel shell 
15 ft 10 in. overall length with cast iron water 
and water box covers and steel support plates and air 
ha ttle L150 sq ft of */,in. 18 BWG aluminum brass tube 
vill be used with naval rolled brass tube sheets. For Unit 
No. 2, the evaporator condenser will have, for experimental 
s of 70-30 cupro-nickel inhibited with 0.5 per 
and air baffles 


2. ONE E 
I VO-pa 
1-in, OD, 


boxes 


purposes, tube 


cent and naval bra upport plat 
ONE FIRST-EFFECT DRAIN COOLER 
0,.365-in. wall 10°/,in. O.D. seamle steel pipe shell with 


67 





cast iron channel, channel cover and return covers, 14 ft 
| in. overall length, 153 sq ft of */,-in. XK 18 BWG & 12 ft 
0 in. long aluminum brass tubes. Unit No. 2, only, will have 
naval bronze channels, channel covers, and partition plates 


t. ONE SECOND-EFFECT DRAIN COOLER 
Similar to first-effect drain cooler, except that it is only 5 ft 
| in. overall length with 36 sq ft of */,-in. K 18 BWG & 3 ft 
0 in. long tubes 


ONE AIR EJECTOR 

Twin type, double effect. Operating pressure 3.35 in. Hg 
abs, using 600 Ib per hr of 200-psig steam from auxiliary 
steam system. Air and water vapor removal equivalent to 
220 tb per he 


6. TWO EVAPORATOR BLOWDOWN PUMPS-—ALLIS 
CHALMERS MFG. CO 
150 gpm-—-18 ft head, 19 per cent chromium, 10 per cent 
nickel, 2.5 per cent molybdenum alloy steel casing with Type 
$16 stainless steel trim horizontal centrifugal pump 


7. TWO EVAPORATOR CONDENSATE PUMPS-—-FAIR 
BANKS, MORSE & CO 
65 gpm, 170 ft head, cast iron casing, bronze trim, horizontal 
centrifugal pumps 


%. PIPING 

a. Piping for salt water use will be cast iron for sizes 2'/, in 
and above, and for the smaller size piping Type 316 
stainless pipe will be used. For larger sizes, cast iron 
body valves with Type 416 stainless steel trim will be 
used and for the smaller sizes Type 316 stainless steel 
valves will be used 

b Piping for steam and evaporator vapor will be carbon 
steel and the valves used will be welded end, cast steel 
body with stainless steel trim 

é As most of the evaporator system will be under a vac 
uum, the number of valves is being kept to a minimum 
to reduce the possibility of air leakage into the evapor 
itors 


Costs of Sea Water Evaporator System 


Because of the considerable interest shown recently in 
methods of obtaining fresh water from the sea to supple 
ment the supplies available in the State of California, a 
word about the cost of producing the water at Morro Bay 
Steam Plant should be interesting 

Assuming a fuel oil cost of $1.75 per bbl, a 100 per cent 
rated load on the evaporators, and steam extraction from 
the turbine, the cost per 1000 gal is estimated to be $1.96 


This includes the annual fixed charges on the capital 
costs of the sea water evaporator equipment, costs for 
equivalent power loss from turbine extraction, chemical 
treatment and auxiliary pumping. No charge has been 
included for labor as no additional labor will be required 
above the normal complement of operators in the steam 
plant. If auxiliary live steam from the boilers ts used, 
the cost per 1000 gal is estimated to be $2.58 

It is interesting to compare these costs with the water 
costs in various situations listed below 


Cost per 
1000 gallons 


Irrigation Water at $10 per acre foot $0.031 
Water from average irrigation pump 

ing plant in California 0.017 
San Francisco Municipal Water (4,320,000 

gallons per month, average 100 gpm) 0.247 


Except for the sea water evaporator method, it will 
be necessary to add to the above costs the expense of 
treating the raw water to make it a suitable supply for 
the station evaporator. In addition to the water treat 
ing plant, it also will be necessary to install an evaporator 
condenser for condensing the steam from the station 
evaporator. Assuming that the well water was used at 
Morro Bay, the cost for treating an average flow of 56 
gpm is estimated to be $0.93 per 1000 gal. This cost in 
cludes the fixed charges plus the operating and mainte 
nance costs for the water treating equipment. 

Both sets of evaporators are expected to go into service 
in February, 1955. At that time they first will be used 
for producing boiler makeup during the starting-up pro 
cedure for the first boiler 

The use of sea water evaporators at the Morro Bay 
Steam Plant demonstrates that it is possible to locate a 
plant on the seashore if the site is desirable but does not 
have fresh water. A method has not been found for pro 
ducing fresh water from the sea which is economical for 
agricultural use, but at this steam plant sea water evapo 
rators were the least costly of the choices that were avail 
able for our particular situation 


IEC Prime Movers Committees Meet 


The work of the International Electrochemical Com 
mission of which the ASME is a member, interrupted 
during the second world war, has gradually been reac 
tivated since July, 1946. The programs of the prime 
movers committees were resumed and sufficiently advan 
ced to have these technical committees meet during the 
Golden Jubilee of the [EC in Philadelphia, Pa., at the 
University of Pennsylvania during September 1-16, 1954 

IEC/TC/5 on Steam Turbines held four days of meet 
ings-—-September 7, 8, 10, 11--with representatives pres 
ent of: Canada, Belgium, France, Germany, India, Italy, 
Sweden, Switzerland, United Kingdom, and the U.S.A 

The three secretariat documents relating to steam 
turbines presented for consideration covered 

(1) Part 1, the Purchase Specification (proposed re 
vision of IEC Publication 45) 

(2) Part 2, Rules for Acceptance Tests (proposed re 
vision of IEC Publication 46) 

(3) Appendix to Rules for Acceptance Tests (revision 
of LEC Publication 46A 


It was agreed that for the present the Rules for Ac 
ceptance Tests will only provide for the conduct of tests 
and for the computation of the results for turbines of the 
following types 

(a) Complete expansion condensing turbines in which 
all the steam enters at one pressure and all the steam 
leaves at a pressure less than that of the atmosphere 

(b) Condensing turbines similar to (a) except that the 
steam is reheated after partial expansion 

(c) Condensing turbines similar to (a) but operating on 
a regenerative cycle, i.e., steam being extracted from one 
or more stages solely for heating the unit’s own feed 
water. This class may include turbines that supply ex 
traction steam for heating make-up feedwater, also 
evaporators and deaerators serving as extraction heaters 

(d) Condensing turbines similar to (a) but provided 
with both the special features described in (b) and (c) 

(e) Non-condensing and back-pressure turbines in which 
all steam enters at one pressure and all steam leaves at a 
pressure equal to or greater than that of the atmosphere 
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Atomic Energy in Industry 
Topic of Three-Day Conference 


rhe figures this table gives allays any 
fears of any appreciable shrink in the 
boiler field within the 


By assuming that the 


conventional 
next ten years. 


cost in 1953 dollars per kilowatt of 
HE three-day special meeting of trapolating the trend figures from conventional steam plant capability, 
the National Industrial Conference 1945 to 1953 to show trends from 1953 uncorrected for possible technological 
Board Oct. 13, 14 and 15 in New York through 1980. The slopes of these developments or changes in the value 
City, on the general subject of Atomic extended trend lines suggest the elec of the dollar, remains at $145 and that 
Energ Industry, ranged extremely tric industry might double its capa the average station cost of nuclear 
wide in coverage rhe official pro bility about every eight vears rhis power plants will gradually decrease 
gram listed some twelve areas of dis would give a 1980 peak of 800,000 mw from $300 per kw of capability in 
cussion many of which are only of and an installed capability of over 1960 to $189 in 1980, nuclear power 
borderline interest to the power and 900,000 mw as contrasted to the 1953 installations will increase so _ that 
team generation field year-end capability of 95.5 mw long range overall prospects seem en 
’ In addition Fig. 1, lines n and N, couraging 
Company Planning show the Foster Wheeler Co. guesses Question No. 3: What are the 
Martin Frisch, president on the yearly increases in hourly dimensions of the engineering, manu 
Foster Wheeler Cory gave an ex capabilities of nuclear steam elec facturing and construction tasks to 
cellent summary of the reasons behind tric stations and the corresponding be anticipated by potential suppliers 
his company’s election to participate total capability of nuclear fuel-fired and constructors of nuclear and con 
in the development of nuclear energy units operative each year through ventional fuel-fired steam generating 
for possible power generation Mr 1980 hese guesses were predicated units? 
Frisch employed the technique of on the first nuclear unit of 60 mw Answer: Table I indicates the val 
questions and answers and selected going into service in 1956 or early ues included in the owner's costs of the 
several key questions to picture his 1957 and a gradually increasing rate anticipated services to be furnished by 
company’s interest of new units from then on until by architect-engineers, equipment de 
Question No What might be 1980, 27,000 mw, or one-half the fore signers, and manufacturers and con 























considered plausible quantitative fore cast steam plant capabilities of 54,000 structors of complete steam produc 
casts indicative of immediate and mw, will be nuclear fuel-burning units tion plants, and the steam generating 
long-term demands for nventional Question No. 2 lo what extent units, respectively, for fossil and 
ind nuclear fuel- iming electric might recent and potential nuclear nuclear-fired steam electric plants for 
power generating unit power developments jeopardize the a number of sample years 
Answer: Fig. 1, reproduced p, 70, future of the conventional fuel-fired . 
. ‘ . Current Outlook for Costs 
hows curves of actual average hourly steam generator business 
electric power production rates, peak Answer: Table I, below, gives esti W. Kenneth Davis, U. S. Atomic 
load requirements, total and steam mates of the total value, in millions Energy Commission, cautioned that 
electric plant capabilities of the ele of 1953 dollars, of the potential future ‘in considering the time scale for the 
tric industry from 1920 through U. S. business in conventional and development of economic nuclear 
1953 in thousands of megawatts nuclear-fired steam electric power power one must be careful not to 
These curves were extended by ex stations and steam generating units substitute hopes for facts with regard 
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DIAMOND 
“MULTI-PORT”’ 


Bi-Color Gauge 


FLANGES ELIMONATE END 
STEMS AMO STUFFING BOXES 
RETURN BEND PROVIDES 
GREATER FLEXIBILITY FOR 
EAPANSION 
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WELDED CONSTRUCTION ASSURTS 
JAMENT TIGHTNESS 


“MULTI-PORT" Advantages: 


(})} “Bi-Color” principle 
red and water green 





shows steam 

(2) Smell round ports instead of long 
glass strips 

(3) “Hi-Lite” 
visibility 


Iluminater for improved 


(4) Simplified high-pressure construction 
(5S) Meximum thermal stability for rapid 
starting 
(6) Easy, inexpensive maintenance 
in place 
(7) Direct reading basic reference 
gouge 
The “Multi-Port” gauge has been de- 
veloped over ao four-year period and 
hes been in continuous successful high 
pressure operation for more than {8 
months in several leading central station 
plants. For additional information, write 
for new Bulletin 1174 use the 
coupon below 
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DIAMOND POWER SPECIALTY CORP 


OnIO 
Windsor 


LANCASTER 
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to the present state of development oi 
nuclear power and must not ignore the 


capabilities of the competition—con 
entionally fueled and built steam 
power plants 

As an example Mr. Davis cited the 


recently announced Philadelphia Elec 
Co 
and 1200 F with two stages of reheat 
to 1050 F at heat rate of 8400 
Btu per kwhr, an efficiency of 40.6 per 
Only ago 
operating at 1500 to 2000 psi and 1050 
F with a single reheat to 1000 F were 


plant to operate at 5000 psi 


iri 
a net 


cent two year plants 


considered examples of advanced de 


ign Such plants have shown actual 


ear-round operating efficiencies of 





ilmost 37 per cent 
Further, Mr. Davis commented on 
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when 


the usual 
nuclear plants as against conventional! 


practice com parin, 
ones of assuming identical and fairly 
high load factors for both plants on 
the that both 
base-load installations 
load the 
factor each plant can 


will serve as 
Actually for 
load 
should 
something of the 
for con 


pre mise 


base service maximum 
a hieve 
be considered as 
95 cent 


a still un 


magnitude of pet 


ventional plants against 


known 80 to 85 per cent for nuclear 


design his point indicates a de 
cided advantage for reactors that need 
not be shut down to replace fuel el 
ment w for reactors where fuel el 
ments can be replaced easily and 
quickly his problem of fuel re 


placement for 


ee ee ee 
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3 
er erious and certain in unsettled 
ne 
Che following table su irizes the 
ratio of costs now ittainable for a 


uclear reactor plant a igainst an 


economically competitive power 
lant 
Na Ave 
Nuclear team 
plant 
Construction cost { ; 
Useful life ] 
Fuel element 
Fabrication 
costs* { S 
Irradiation life () 
()verall thermal 
etl 
Nuclear fuel cost] 
Operation & maint 
cost 
‘Jperating lactor 
Processing costs 
Chemical sepa 
rations } 
Water disposal > y 4 
Overall —5 3-4 
* Por high temperature and long life 
t Assuming recycle of nuclear material as fue 
Kiconomic Reactor Location 


T. G. Le Clair, Commonwealth 
Edison Co 
handling the 


Factors In Locating Rea 


was one oO! tour spe akers 
general subject of 


Economic 


tors Phere were five points he ad 
anced as the major ones in affecting 
power plant location rhese included 


|) water supply for cooling purpose 
estimated at more than 400-500 Ib 
f cooling water for each kwhr gen 
erated), (2) proximity to load (cost of 


blocks ol 


power ranges up to 3 mills per kwhr 


transmission alone for large 


for each 100 miles) fuel tran 
port versus electric transmission (the 


effect of difference between costs of 
electricity and uranium makes it 
more attractive to locate the plant 


ible), (4) 


monic con 


as close to the load a 
effect of 


ideration 


plant Size ect 
point toward large izes 


for low unit cost and this mean 
electing a site in or near a heavy 
oad area) ») eflect of wast product 
the subject is still so new for nuclear 
reactors that there i urate wa 
to assess this hazard 
Reactor 
Dr. Chauncey Starr, rth Ameri 


' 


in Aviation, In felt that the proc 





‘ of selecting the proper nuclear 
power plant design involves both the 
problem of time scale and also basi 
technical philosophy as to the most 
productive lines of development. The 
hort range possibilities of the sodium 
graphite reactor as well as its long 


term promuse represents to Dr. Starr's 


company the best cho it this time 
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ONLY 


ENCO 


BAFFLES 


give you all these 


COST CUTTING 
FEATURES 
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These important fuel-saving main- 

tenance-reducing features are ob- 

tainable with Enco boiler baffles— 

and only with Enco baffles. 

+ Streamlined gas flow 

+ Uniform gas flow 

+ Elimination of bottlenecks 

+ Reduced draft losses 

+ Higher heat transfer 

+ Cleaner heating surfaces 

+ Less use of soot blower 

+ Special provision for expansion 

- Easy tube replacement 

+ Adaptable to any water-tube 
boiler, fired by any fuel 

Each application is designed on the 

basis of more than a quarter cen- 

tury of experience in this special- 

ized branch of power engineering 

Installations are made by skilled 

mechanics. 


THE ENGINEER CO. 


75 WEST STREET, NEW YORK 6, N.Y. 


In Canada: Rock Utilities Lid., 80 Jeon Talon %. W., 
Mentreal, P. Q. ac-s0e 


rhe twin incentives of a high thermal 
efficiency and a low capital investment 
seem possible with a liquid sodium 
reactor 

Sodium melts at 208 F, is easy to 
keep liquid in a power plant, has an 
extremely high thermal conductivity, 
enjoys fluid dynamics similar to water 
and a general absence of chemical cor 
Sodium 


metal systems 


react chemically 


rosion in 
does, though with 
water and oxygen and when exposed 
to neutrons, as in a reactor, becomes 
a strong radioactive gamma ray emit 
ter with a half-life of about 15 hrs 
rhis last property, that of induced 
activity, 


handling problem for sodium in nu 


presents the most serious 
clear power applications 

\ further factor that 
liquid sodium graphite 
reactor an attractive choice is its in 


characteristics The 


makes the 
moderated 
herent safety 
complete absence of stored energy due 
to pressure and the absence of chemi 
cally minimizes 
the energy for 
active material should there be a fail 
ure of the reactor or its auxiliaries 
In addition the inherent 
temperature coefficient 
intrinsic stability that 
hibit reactor accidents 

C. R. Barthelmy, Pioneer Service 
and Engineering Co., reported that 
the AEC approved study group of 
which his firm was a member be 
lieved these reactors held promise for 


reactive substances 


dispersion of radio 


negative 
produces an 
tends to in 


commercial power service 
(1) The circulating fuel thermal 
breeder 
(2) Fast breeders with fuel readily 
adaptable to an inexpensive process 
ing technique 
(3) Sodium graphite reactors with 
long irradiation time per fuel loading 
Of the above group, the Pioneer Sery 


ice-Foster-  Wheeler— Diamond Alkali 
group chose to study further the 
circulating fluid fuel reactor tem 


because it seemed more suitable to 


large commercial plants, had good 


general economic prospects and filled 
“age of develop 


the group choice of 


ment 
his system consists of uranium ina 
heavy water solution contained in and 


circulated through a nearby spherical 
core where the chain reaction occurs 
rhe temperature of the fluid is raised 
solution 


ubstantially and, as the 


leaves the core, it passes through a 
gas separator and thence to a heat 
exchanger where heat is transferred to 
produce steam used to drive the tur 
bine generator Having given up it 
heat, the fuel 


turned to the core 


olution is again re 


to repeat the s¢ 


quence In the breeder concept a 
blanket surrounds the core rhis 
blanket may contain thorium in a 
form which may be circulated Heat 
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generated in the blanket in the course 


of production of uranium from tho 


rium may also be used for steam pro 
duction 

Dr. Clarke Williams, 
National 


Brookhaven 


which it is hoped will generate electri 


power, breed new fuel for itself and 
deliver by-products to waste tank 
all in a continuous proce It will 


be the first usage of a liquid metal 


alloy, in this case uranium-bismuth 
as the fuel stream to interconnect the 
continuous process Fission of the 
U234 atoms would occur in the core, a 


perforated graphite phere five feet 


im diameter rhe molten uranium 
bismuth alloy conve the heat out of 
the core Anv exce neutrons would 
be caught in the blanket Ihe most 


important feature, though, ts the con 


tinuous chemical processing 
For example some products of fi 
s10n appear as gase part of the mol 
ten uranium-bismuth can be piped off 
for removal of gase uch as xenon and 


iodine by sweeping the liquid metal 


with an inert gas like helium In 


another process liquid salts such a 
potassium and lithium chloride could 
draw off fission products while leaving 


the uranium in the bismuth 


Packaged Power R actor 


Col. James B. Lampert, Atomi 
Energy Commission, gave the back 
ground behind the U. S. Army pack 
About 100 firms 


{ Defense and 


aged power reactor 
replied to the Dept. « 
AEC request for interest in 


a lump 
sum contract to develop a relatively 
These 


boiled down to 33 


sinall packaged power reactor 
100 were, in turn 
qualifed bidders and by late Novem 
ber all proposals should be in for final 


contract award The objectives of 


the project are to demonstrate fea 
tures and characteristics of a particu 
lar nuclear power plant that will per 
Arctic 


to determine the exact economic and 


mit use in an environment 
operating characteristics of the plant 
to determine the reliability of con 
tinuous operation; to provide a train 
ing facility at Fort Belvoir for military 
engineers, operating crews and main 


tenance personnel 


Chris J. Brous, American Machine 
& Foundry Co., explained that his 
company's interest in packaged re 
actors was that they lent themselves 
to easier use, gave more economical 
power, had less complex and easier to 
use nuclear reactor components and 
systems. The need for small power 


sources was widespread Remote 


areas, the U. S. Army and the metal 
industry are three distinct markets for 
the development of this packaged 


type reactor 
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Side-by-Side 
COMPARISON 
Meena horton deer builds its own story of 







ORDINARY 
STEEL TUBES 


BARROWS VITRALLOY 
v PREHEATER TUBES 


make this 
VITRALLOY 
In - Use -Test 


WHEN YOU 
RE-TUBE PREHEATERS 


For any product the most convincing proof of 
performance is performance itself. We're sure 
of our ground when we say, “VITRALLOY 
Tubes reduce corrosion and clogging. We 
want you to be sure of yours. Make your own 
convincing test. Install 10 or 20 VITRALLOY 
tubes, side-by-side, with the ordinary steel 
tubes you're using. Prove for yourself that 
VITRALLOY not only outlasts ordinary steel 
tubes (of same wall thickness and installed at 
same time as Vitralloy) but resists corrosion 
(sulphuric acid condensates) as well. Iron sul 

phate scale doesn't get a chance to form to 
sponge up more condensates. Too, VITRALLOY 
permits saving and re-use of more degrees of 
heat from flue-gas 












How TO ott your 
yviTRaALLoy Test TUBES 


@ vw 
. . 
We need to know for each unit, of units . . 






the number, length, and diameter of 
tubes and also the sulphur percentage © ~ 
of your fuel. Others have tested and are oo z 
convinced. Order your VITRALLOY tubes ©O Sy 
today Pe t us 


BARROWS PORCELAIN ENAMEL CO 


LANGDON ED. AND PENN 2 8 WCINNAT 3, Onio 


Ph ® RiEdwoed 6000 








Waste Disposal 


Ener¢ 
publi 


Arthur E. Gorman, Atom 
Commission, in a four-man 
safety panel tackled the subject o 
Environmental Problems Ahead for 


the Atomic Energy Industry \ re 


sponsibility of more than average 
depth rests with all who work in 
atomic energy development Highl 
radioactive gases could be released 
from a tall stack with no outward 
evidences of color, odor or other ap 


parent alarm Similarly radioactive 
liquid wastes could give off no notice 


ible physical warnings or affect the 


biological oxygen demand or upset 
the dissolved’ solid balance of a 
tream Yet both wastes could be 
extremely hazardous 

Radiation controls must be rigid 


and, in certain cases, of long duration 


Decisions on disposition of radio 
uwctive material call for the best judg 
ment of experts on the effects of radia 
chemical properties of the 


characteris 


tion, the 
isotope concerned, the 
tics of the wastes as released and their 
ultimate fate in nature depending on 
whether release is to the air, ground 
waterways The more 


after the fuel 


or suriace 
acute problems start 
elements are irradiated in the re 
actors, especially those in continuous 
production or test runs oday, af 
ter ten years of extensive research 
the industry has no completely satis 
factory disposal method for high level 
radioactive waters 


Along with the need for a relativel 


low cost disposal method is the re 
quirement that every precaution be 
taken against catastrophic accidents 
These combined requirements could 
influence plant location, transporta 
tion of fuel elements, handling of 
waste products. As an example stor 
age of radioactive wastes in under 
ground tanks cost today from $0.35 
to $2.00 per gal. In addition there ts 
the constant need for monitoring and 
at this moment, the necessity of lo 
cating the tanks in 


isolated areas and in soils through 


waste disposal 


which movement, in case of leakage 
would be slow The devices so far 
considered for containing radioactive 
wastes fall far short since these wastes 
have half-lives of hundreds or thou 
sands of years and the containers’ life 
is much, much less Further the 
escape of these pent-up isotopes to 
atmosphere, water or from the ground 
into foods must be measured against 
the limits man can tolerate over a 
life time or for shorter periods 

rhe Atomic Energy Commission 
has tried to build a solid base in which 
future 


investigations can proceed 


Certain soils, notably clays, can ab 
sorb considerable radioactive mate 


rial but not all isotopes 
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New Equipment 








Dealkalizer 


Small and medium ed plants ire 


now offered a packa lealkalhizer em 


ploving a strong! inion exchange 


resin that car nd substitute 


hloride amor for icarbonate, car 
bonate ulfate and trate radicals 
The manufacturer Cochrane Corp 
Philadelphia, Pa that this proc 
ess of chloride exchange greatly reduces 
ilkalinity without re to acids and 
reduces CO, formation in steam. Com 
bined with the manuta rer's Zeo-Flo 
oftener the dealkalizet t ides a cus 
tom-engineered I al practicall 
stock cost 
Tube Gage 

Designed primart r use im con 
junction with tube rolling the Elhott 
Co Jeannette Pent Tube Gage, 
recently announced t des a simple, 
quick way of accurately measuring in 
side tube diameter It features a large 
dial with graduations especially for heat 
exchanger and condenser tubes that can 
be read directly in thousandths of an 
inch The gage enables tube expanders 


and controls to be set accurately for tube 


rolling 





Chree hardened steel balls protrude 
from a hollow steel barrel to give the 
necessary three-point contact essential 
for accurate tube measurement These 
balls are supported by a spring-loaded 
tapered mandrel that moves inside the 
barrel lo use the gage,the mandrel is 
partially withdrawn by pulling out the 


knob to let the balls recede Phe gage 
is then inserted and the mandrel slowly 
released rhe tube inside diameter is 


thus read directly from the dial 


Final Drive Unit 


\ high torque pecial drive unit 
known as the Forced Drive Unit, can 
supply a starting torque in excess of 
1000 Ib for positioning of valves and 


fans in outdoor boilers or handling heavy 
doors and other equipment in steel mills 
rhe device, manufactured by Republic 
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AVAILABLE IN 
MANY SIZES AND 
IN TURBINE OR 
MOTOR DRIVE 








| 
" 
WING PACKAGE DRAFT INDUCER 


FOR POWER PLANTS 


MOTOR AND FAN DESIGNED AS ONE 
COMPLETE REMOVABLE UNIT 


MAKES INSTALLATION EASIER 


FACILITATES INSPECTION AND 
MAINTENANCE 


SAVES SPACE 


ELIMINATES WATER COOLING OF 
BEARINGS 


INTERCHANGEABLE INLETS—TOP. 
BOTTOM OR SIDES MANT OF WELCH ORAPE JUICE CO. 


NO LUBRICATION REQUIRED 
—BEARINGS PRE-SEALED 


Write for complete details 


L.J. Wing Mfp.Co. 


34 Vreeland Mills Road 
Linden, New Jersey 











SEVENTY.-FIVE YEARS AGO 





Factories: Linden, N. J. 
and Montreal, Canada 






In 1879, L. J Wing 


inventor, @ resourceful 


— Sounded the company that 
PE ~ ebrating its 75th anni- 
Mey: ree years before when 
nal 4 wed invented the Dise Fan that 
aethy, ame, Genera] George A 
“ow, An ove) and 276 soldiers of the 
als ~ rn Y were massacred at the 
aaah fhe Little Big Horn in Mon- 
Se '. Y Indian tribes led by Sitting 

the prophet ’ 
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Flow Meters Co., Chicago, IIl., is pneu 
matically powered, enclosed in a weath 
erproof housing and, with a thermo 
tatically controlled heater that can be 
furmished, it will assure positive opera 
tion in cold weather 


Needle Valves 


\ complete, new line of forged needle 
valves with universal outlets featuring 
micrometer thread, staink steel stem 
has been announced by the Carpenter 
Valves Corp., Cleveland, Ohio Phe 
product, known as Bull-Dog valves, aré 
forged from brass, stainless steel or car 
bon steel and a wide range of optional 
machinings are available for the outlets 


Centrifugal Blower 


4 multistage tandard production 
blower, the No. 385 frame unit, nov 
Hoffman Machin 
ery Corp., New York, is capable of de 


livering between 1500 and 3500 cfm with 


ivailable from | 


pressures ranging trom |- to Y-psig or 
vacuums trom 


The new blower employs a combina 
tion of two interchangeable impellers so 
customer's needs can be individually met 
with factory-assembled units that are 
self-adapting to variations in air vol 
umes from minimum to maximum ca 
pacity 


Smoke Comparator 


\ field-glass-like smoke-comparing 
instrument, the Smokescope, available 
from the Mine Safety Apphances Co 
Pittsburgh, Penna., admits light from 
the area adjacent to a stack through on 
tube of the field glass assembly where it 
goes through a reference film disk to a 
front surfece murror, and then through a 
lens to an image mirror where it can be 
directly compared with the smoke from 
a stack as seen through the other tubs 
of the field-glass holder 

The manufacturers claim the devic 

received considerable field trial and 
yvercomes the major disadvantages of 


classical Ringelmann chart 


Proportioning Pump 


Special high-speed valves, pulse-free 
flow, and no packing feature the Hills 
McCanna-Meter proportioning pump 
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recently demonstrated | the Hills Graphic Panel Corp., Canton, Ohio, incorporates the 
McCanna Co., Chicago, Ill. It is a 
fully enclosed, positive displacement de- 
sign that will precisely meter quantities 
from 5 cc to 6 gal per hr per feed at 
standard speeds from 27 to 900 strokes 


In addition to the usual controls, manufacturer's Flo-Tube conveyor with 
meters and recorders a pictorial repre the company’s regular line of stoke 
sentation of the ion exchange units and rhe combination supplies coal direct 
the immediate piping and valves show from coal storage to the furnace without 
on the graphic panel control board for manual attention. It ts dust free and 
pes ae pepe me poe: aes automatic ion exchange equipment now when equipped with bin level controls 
ae ‘aaa ' pn ay available from the Graver Water Con automatically starts when the hopper 

2 : : ' i 5 ditioning Co., New York. N. ¥ 


The pumping elemet sealed and 


there are no packit lands or stuffing Magnetic Flowmeter 
boxes. Regulation car under auto 


empty and stops when it is full 








matic control using direct tmstrument Incorporating all the unique ad 


air signals. The val re a high-speed vantages of electromagnetic metering a 


type with special val nd seat sur new flowmeter designed for 2- to S-in 


faces so that the are fast-acting, posi flow lines by the Foxboro Co., Foxboro 


tive seating and self-cle Mass., measures the volume flow rate of 


any liquid of sufficient conduction and 


Temperature Scanning elocity Unaffected by pressure, vis 





Thomas A. Edison, In West Or 
inge, N. J., reports through its Instru 
ment Div. that their Omniguard, a tem valve representation has two 
perature monitoring tem, is the colored lights, one red, one green, When 
implest and most flexible available. It the operation valve is open the green 
has been assembled o1 ulding-block light is on, when the valve is closed the 
design so that it is a complete system red lightison. All pipe lines are also lit 
whether 4 points are installed or 400 and colored with a different color for 
points An original installation of 4 each material such as acid, caustic, inlet 
points can be raised | idding addi water and outlet water. 
tional units without « irbing or affect 


ing the existing un r Wiring. Underfeed Stoker 


A package type, bin-fed, single retort cosity, density and changes in conduc 
Ramfeed stoker of the Canton Stoker tivity of the flowing liquid the equip 


The Omniguard m inits can be 
mounted close to the equipment and 
upply a master alarm signal through a 
pair of copper wire mnecting to a 
central control room. The unit operates 
without moving parts, has no electronic 


| 


A mine needs flexibility too! 
components, requires no adjustment al - f 4 


Production flexibility so it can deliver the 


ter initial temperature setting of each 
exact coal required by each customer. 


point has been accomplished 


At our Enos and Enoco Mines — 





Modern preparation facilities produce consistently 


PETER F. LOFTUS high quality coals! 


Both mines prepare a varied range of sizes and size 


CORPORATION blends —each a truly manufactured coal! 


Each mine has the production capacity to produce the 


Engineering and Architec- coal size you need —in the quantity you need — when 
tural Consultants and you need fs 
Enos and Enoco’s flexibility of production has 


licked the problem of substitution prevalent at 

many mines today. That's why we can guarantee 

First National Bank Bidg., prompt delivery of a tailor-made quality coal of 
a uniform size-consist. AA 


Designers 


Pittsburgh 22, Pennsylvania 


» 
sause®® 


THE ENOS COAL MINING COMPANY 


Cable Address— tu, Sales Offices for Enos and Enoco Coals 


“LOFTUS Pittsburgh 
1405 MERCHANTS BANK BLDG 310 SOUTH MICHIGAN AVENUE 


INDIANAPOLIS 4, INDIANA CHICAGO 4, ILLINOIS 
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ment makes practical a number of flow 
measurements impossible with ordinary 
metering equipment 

The unit consists of a non-magneti 
flow tube with an insulating line con 
taining flush-mounted metallic elec 
trodes and surrounded by an ac electro 
magnet Overall accuracy is within 
plus or minus one per cent of the scale 
span from maximum flow down to zero 
flow despite factors of turbulence and 
dirty flow. The meter presents no more 
pressure drop than a length of pipe 
equivalent to the meter tulx Com 
plete specifications are available in a 


technical report, Tl 27-A-7la 


Control Station 


Vital operating indicators and controls 


for pneumatic systems can now be 
concentrated in the Bailey Meter Co 
(Cleveland, Ohio) Mini-Line 
tation. With it an operator has the 


choice of remote manual control inde 


control 


pendent of all automatic controllers for 
start-ups and shutdowns and for periods 
where the measuring or the controlling 
elements may be out of service 

Vertical gages indicate signals from 
the transmitter, set poiit or bias, hand 
control and automatic control The 
three control knobs are for automat 


hand selection, set point or bias adjust 
ment and hand control 
is within +'/, per cent of signal range, 


Gage accuracy 
and air consumption is less than 0.2 cfm. 


Chemical Purp 


Totally enclosed canned rotor,’ 
sealless, leakproof centrifugal pump, 
the Chempump, manufactured by 


Chempump Corp., Philadelphia, Penna 


allows the pumped fluid to enter the 
rotor chamber so stuffing boxes and 
\ stain 
less steel liner, inserted in the air gap of 


packing glands are not needed 


the motor isolates the stator section 


Modern Design for ie 


ODERN COAL 


The Fairmont Coal Bureau has made available to consulting engi. 


neers and equipment manufacturers «a TYPICAL DESIGN for the 


emall industrial steam plant 


Prepared as « a to good engi- 


neering it achieves marimum ceonomy of investment and engineering 


costs, while featuring 





@ Fuel flexibility 
@ High efficiency 
@ Low fuel costs 
@ Minimum labor requirements 


@ Cleanliness, Automaticity, Reliability 


Fairmont Pittsburgh Seam Coal is the MODERN COAL. Enormous reserves and 


inherently favorable mining conditions guarantee ample supply and low production 


cost Medern mining and preparation facilities assure uniform quality 


Pairment (Coal Burceu engineers are freely available to help you solve fuel and 


combustion problem.» Write for Technical Reference Bulletins and other valuable 


publications 


FAIRMONT COAL BUREAU 


Dept. DC, 122 East 42nd St., New York 17, N. Y. 


Units are available in cast iron, stainless 
steel and Monel construction 

Sizes range from '/s- to 3-hp with ca 
pacities up to 180 gpm at heads up to 
90-ft. Today's designs can handle fluid 
at temperatures to 450 F and pressures 
up to 150 psi. Simple modifications 
permit pumping at temperatures to 600 
F and at pressures to 5000 psi 


Pipe Covering 


Baldwin Hill Co., Trenton, N. J 
recently added to its line of insulating 
materials, 85 per cent magnesia and 
calcium and silicate. The calcium sili- 
cate pipe covering applies for temper 
atures up to 1200 F and can with 
stand these higher temperatures without 
fusing, oxidizing or materially chang- 
ing shape. By combining the high 
temperature calcium silicate to the low 
thermal conductivity of 85 per cent 
magnesia all pipe sizes and thicknesses 
can be provided 


Liquid Level Control 


4 new standard of flexibility, long 
life and maintenance-free operation are 
the strong claims made by Photoswitch 
Inc., Cambridge, Mass., for their probe 
fittings, series 67, designed for use with 


Photoswitch level controls These fit 


| 
ii 


tings eliminate the need for stuffing 


boxes, floats or any moving parts. The 
liquid under measurement provides a 
path for a minute electric current which 
actuates the level control to start or 
stop pumps, sound alarms or perform 


any other control function 


Slag Breaker 


Modern pulverized-coal-fired slagging 
or wet bottom furnaces with continuous 
discharge of molten ash frequently suf 
fer from stalactites that form and hang 
from the furnace bottom outlet These 
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stalactites grow to clog the slag outlet. 
A new device, an automatic operating 
slag breaker, has been developed by the 
United Conveyor Corp., Chicago, IIL, 
to mechanically and automatically break 
and knock down this slag formation and 
preclude the possibility of plugging the 
furnace discharge outlet 


Scale Thickness 


An electrical instrument for measur 
ing the thickness of scale or other de 
posits on the inside of boiler tubes, 
waterwall tubes or other straight or 
bent tubes or ducts of circular cross 
section is available in the Turner scale 
Thickness Indicator 
Haskins Turner Co 


manufactured by 
Jackson, Mich. 


Phe device works on an elec tromag- 
netic induction principle and is inde 
pendent of the deposit material. A 
probe head is fed down the tube by 
means of a steel tape rhe indicator is 
available for tubes from in. to 4-in 
I.D. with special size 
uses 110 to 210-v, 60-cyclk 


on request It 
ac supply 


Polyvinyl Chloride Valve 


In response to a demand for additional 
corrosion-resistant materials the Hills 
McCanna Co., Chicago, Il added 


polyvinyl chloride bodies to their 


Saunders patent diaphragm valve line 
Hand-wheel operated, lever-operated 


sliding stem and air-operated types are 
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available at sizes ranging from ‘/, 


through 2-in. piping. Screwed ends are 
standard and slip fits are available on 
special order 


Water Diffusers 


To prevent windrowing and shifting 
of ion exchange resins beds Permutit 
Co., New York, N. Y., have devised 
special plastic diffusers, made of per 
forated cylinders about 6-in. diam. by 
5-in. high, tapped and threaded for a 


standard pipe connector. Water flow 


ing into the diffusers under pressure and 
passing outward through the perfora 
tions is thoroughly diffused 


In the manufacturer's industrial cat 
ion and anion exchanger units, 54-in 
diam and larger, these diffusers have 
been applied to the inlet distribution sys 
tem. For hydrogen cation exchangers 
and anion exchangers these devices are 
fabricated from an inert plastic such as 
methyl methacrylate. 


Conveyor Idler 


A cable-suspension idler for belt con 
veyors known as the Limberoller, 
manufactured by Joy Mfg. Co., Pitts 
burgh, Penna., uses only two bearings 
and carries the belt on resilient, pres 
sure-molded neoprene disks, all of the 
same size and all revolving at the same 
peripheral speed, 

rhe new device permits conveyor 
heights from 13'/y to 15°/,y-in. and is 
available for belt widths of 24-, 30- and 
sO-1n 


Hose Couplings 


A complete line of quick-seal, leak 
proof hose couplings with built-in single 
or double check valves is now available 
from Titeflex, Inc., Newark, N. ] The 
built-in check valves eliminate the need 
to shut down pumps or close valves to 
break a connection so that valuable or 
hazardous fluids are not lost when the 


line is opened 


EXTRA YEARS 


OF MORE DEPENDABLE POWER 
and at less cost per pound of steam 


TODD BURNERS 


GAS OR OIL 


COMBUSTION EQUIPMENT DIVISION 


TODD SHIPYARDS CORPORATION 


81-16 45th Avenue 


Elmhurst, Queens, N. Y. 





their temperature 


Surl 


by Paci 


geles 
the 


Pe eaniomane vanes 


78 


Phe 
sitive element is a 
that is closely coupled thermodynami 
cally to the pipe 
in. thermometer dial is plus or minus 
The 
thermometer which comes in two ranges 

0) to 250 F 370 F 


tability within five minutes 


Surface Therrnometer spring action temperature-sen 


calibrated bimetal 


pe from “Vie to Zan 


read 
The accuracy of the 


two degrees over the entire range 


and 70 to reaches 


Float Trap 


float 


air and steam application 


\ simplified, low cost 
handle ga 
has been placed on the market by the V 
I) Anderson Co Cle Ohio 
rhe trap, known as No. 81, consists of a 
and lever 


veland 





ss steel valve and seat 
hide float 


plus a copper insick 


Combined Control Valve 


both 
control in 


A single main valve that 
temperature 


gives 
pressure and 
ranges from 15 to 125 psi has been an 
nounced by Klipfel Valves, Inc., Hami! 
Ohio. The No. 1649 


to prevent cycling or 


ton new valve 
hunting 


overheating of valves with temperature 


is said 


rhe temperature adjust 
Che standard tem 
perature arrangements are: 25 to 75 F 
75 to 125 F, 125 to 175 F, 150 to 200 F 
175 to 225 F and 225 to 275 F. 


Valve 


control only 

ment range is 50 I 

developed by 
Transducer Los An 
rhe thermometer clips to 
held b 


ace Dhermometer 
4 orp 
Calif 
without tool 


pipe und i sizes over 2-in. have semi-steel 


On thousands of boiler drums, superheater out- 
lets, reheater inlets and reheater outlets, Foster 
Type 38-SV Super-Jet Safety Valves are being 
used for the unprecedented factor of safety 
they offer in today’s elevated operating pres- 
sures and temperatures. Designed for 3000 psi, 
several Super-Jets are now in service at pres- 


sures as high as 2700 psi and 1100F 





There are also many Super-Jets set to pop at 
pressures ranging down to as low as 8 psi in tur- 


bine relief service and reducing valve stations. 


Regardless of operating pressures or tempera- 


tures the Foster 38-SV SuperJet Safety Valve 


guarantees you a positive factor of safety in 


protection of life, limb and property from 


overpressure. 


FOSTER ENGINEERING COMPANY 


635 LEHIGH AVENUE UNION, N. J. 


SAFETY VALVES FLOW TUBES | 


tr ip to 


bodies: smaller sizes have bronze bodies 
Stainless steel trim is employed in sizes 


1-in. and smaller while larger sizes use 


Eight feet of 
capillary tubing and a nickel-plated bulb 


bronze trim as standard 
is standard in all sizes 


Solenoid Valves 


A new line of pilot-operated solenoid 
; now marketed by O. C. Keckley 
Chicago, IIl., are designed for 
pressures to 250 


’ lve 
Co 


Steam service at psi 


and water, oil or gas to 600 psi at 


pipe sizes from through 6-in 


Valve bodies are bronze or semi-steel 
with the pilot valve, 
steel 

glass-insulated, heavy-duty 


proof type for high pressure and tem 


main valve and seat 


of stainless Solenoid coils are 


morsture 
perature service 
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BOOKS 








l—Mechanical Engineering 
Thermodynamics 


40 pages Price $9.35 


A vast amount of very readable infor 
mation 1s contained in ihe 
this book. 


an instruction text, it is also well suited 


40 pages ol 
While written primarily as 
to the needs of the practicing engineer 
as a refere nce book 

Although a limited amount of elemen 
tary calculus has been employed, prin 
cipally in connection with process cal 
culations, this need not detract from the 
readability of the text by those who may 
have become rusty in mathematics, for 
the various explanations are clear 

rhe first and second laws of thermo 
dynamics are explained at length, and 
the twenty-five chapters include those 
on properties of pure substances, gases 
and steam; also discussion of various 
cycles, nozzles and orifice team tur 
bines, internal-combustion engines, gas 
All of these 


diagrams, and 


turbines and refrigeration 
are amply illustrated by 
the text is in line with up-to-date prac 
tice as concerns pressures, temperatures 
and reheat 

An appendix contains tabl 


ferent gases, combustion data, conver 


on dif 


sion units and specific heats of gases, as 
well as properties of air team, am 
monia and mercury Also, a number of 
large working charts are contained in a 
jacket rhese deal, in part, with pre 

ure-enthalpy for freon, temperature 
entropy for air, a Mollier diagram for 
steam, temperature-entroy for CO 
products of combustion and theoretical 


fuel-air mixture 


2—High-Temperature Alloys 


By CLaupe L. C1 


5 page 


Phis is a book intended f iose who 
develop and use high-temperature al 
loys. It is also suitable for use as a text 
ind reference book and should be of 


considerable assistance ho organi 


zations having high-temperature test 
ing laboratories. The approach ts basi 
cally a metallurgical one 

An introductory takes up 
industrial trends which have prompted 
alloys 


chapter 
interest in high-temperature 
Next are considered the mechanism of 
plastic deformation, desirable qualities 
for high-temperature service, and meth 
ods of testing. Considerable attention 
is given to creep strength and to meth 
ods for evaluating load carrying ability 
The largest portion of the book con 
cerns properties of various alloy steels, 
including low and intermediate alloys 
stainless steels, bolting steels and those 
for extreme high-temperature service 
There is a very interesting chapter cov 
ering nine types of service failures 
Concluding chapters take up physical 
constants, properties at hot-processing 
temperatures, selections of material for 
specific applications and typical speci 
fications and codes covering high-tem 


perature 


3—Power Plant Engineering 
3rd Edition 


By Freperick T. Morst 


687 page Price $8.75 


Subtitled ‘The Theory and Practice 
of Stationary Electric 
Plants,”’ the drastically revised Third 
Edition of this well-known text attempts 
to meet the needs of the engineering 
student, the 
the plant operator 


Generating 


consulting engineer and 
Emphasis is placed 
upon the power plant as an integrated 
assembly, and there is more attention 
given to the small plant than was the 
case in previous edition Phe author 
provides the following basic definition 

Power plant engineering is the art of 
selecting and placing the necessar 
power-generating equipment so that a 
maximum of return will result from a 
minimum of expenditure over the work 
ing life of the plant; and the operation 
of the completed plant in a manner to 
provide cheap, reliable and continuou 


service 


An introductory 
background information on 
dynamics and gives a description of the 


chapter provides 


thermo 
engineers in 


function of consulting 


power plant design. Subsequent chap 
ters take up the variable load problem 
and power plant economics, including 
depreciation methods and an introduc 
tion to rate making. Following this 
general presentation are chapters on the 
power plant building, fuels and combus 
tion, internal-combustion-engine and 
gas-turbine power plants, vapor cyck 
and energy flow, steam generators and 
prime movers, gas and feedwater loops 
in steam plants, piping systems and 
instrumentation. At the end of most 
chapters is a set of problems without 
answers. A brief bibliography and an 
appendix conclude the work 


4—Pumps 
2nd Edition 


By F. A. KRISTAL AND F ANNETI 


Price $6.50 


his book covers pumps of many 
types and designs, how to select and 
install them, how to operate and main 
tain them, and how to locate and remedy 
pump troubles. Intended for use by 
designers, manufacturers, sales represent 
atives and operators, it discusses a wide 
range of pump applications, including 
boiler feed, paper stock, deep-well, sew 
age and sludge, chemical, food product, 
oil field, gasoline line, fire, mine, et« 

Performance features of the variou 
types are explained, as are their service 
limitations. Likewise covered are con 
truction features, the materials used in 
manufacture, and the operations of par 
ticular type In addition 
methods are given for fiugring the head 


practi al 


economical pipe sizes, various combina 
tions, et 

rhis completely revised edition cover 
new designs, materials and application 
developed since the first edition, includ 
ing the latest technical advances in dia 
phragm, variable-displacement, propor 
elf-priming, regenerative tur 


jet and many other t pes 


tioning 
bine, rotar 


COMBUSTION PUBLISHING COMPANY, INC., 


. for which send me books listed by number. 


Enclosed find check for $ 


NAME 
ADDRESS 


200 Madison Avenue, New York 16, N. Y. 


Book Nos. 


Postage prepaid in the United States on all orders accompanied by remittance or amounting to five dollars or over 
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Hot Proposition 


Buell offers you a unique opportunity to eliminate nuisance dust 
problems without risking a single cent! 


Many of America’s Leading Corporations have already taken 
advantage of this ‘red hot proposition’, Why don’t you? 


Just call in a Buell Engineer and put your problem in his hands 
First, he will analyze dust samples from your stack, then make a 
thorough study of operating conditions. Finally, he will recom- 
mend the best Buell equipment to handle your job. 


There are many variables that make each job different. One may 
require the fabulously successful Buell ‘SF’ Electric Precipitator 
The simple design and proved efficiency of the Buell Cyclone 
may suffice for another. A third may require a combination 


The right equipment plus over twenty years of skill and experi- 
ence enables Buell to handle any dust collection problem. 


Take advantage of this ‘red hot proposition’ now. Get the 
complete facts about all three Buell systems described in our 
brochure—The Collection and Recovery of Industrial Dusts 
Write Dept. 70-L, Buell Engineering Company, 

70 Pine Street, New York 5, N. Y. 


Ee 20 Years of Engineered Efficiency in 
2 \ ean DUST COLLECTION SYSTEMS 
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Bartlett-Snow 
coal handling 


at Hutoon ville, 


@ There have been many changes at Hutsonville, all engineered by 








Bartlett-Snow to Sargent and Lundy specifications,— the equipment fabri- 
cated in our shops and installed by our erectors. The first installation in 
the small, original plant (view at right) consisted of 24’’ belts with capacity 
of 150 tons per hour. This system was then increased to 200 tons per hour 
capacity. More recently for a large new plant addition we have added an 
entirely new system with storage conveyor, weightometer, crusher and 36°’ 
belts with 400 tons per hour capacity. These new conveyors were installed 
directly on top of the original conveyors, that continue to serve the original 
building, and tied into the first system without shutting down the plant for 
even an hour. For fixed responsibility that insures the highly efficient, syn- 
chronized operation of the entire system as a unit, low maintenance and low 
operating costs, let the Bartlett-Snow coal handling engineers work with 
you on your next new plant, modernization or plant extension program! 


DESIGNERS 


“Builders of Equipment for People You Know” 


General View of Hutsonville Power Station 
Central IMinois Public Service Co. 
Sargent and Lundy 
Consulting Engineers 


View of the Original 50,000 KW Station Showing 
the 150 Ton/Hr. Coal Handling System 


View of Distributing Belt, Belt Tripper and Dust 
Tight Bunker Seal in New 100,000 KW Addition 





with the * 


FAMOUS “@Q” Factor 


DEPENDABL 





~ 








TYPE “BL” FANS New! NV-BREEZO FANS DRAFT FANS 


(nt 00 000 - 
a cue Se aan oo 2 ~e , ane Their specially shaped four - blade Buffalo mechanical Draft Fans are 
> co « “o 7 
ventilation and aie” eondicianiog offer wheel gives high ecficiency even helping turn out low-cost steam in 
against system pressures of ‘4 and plants and major utility stations 
even finer performance than their famous Ly ae” eo 24° sizes seaaneiinas 
Z 7 wre 
predecessors, the “Li Pans . - 
“ I 475 
NEW BULLETIN F.100 BULLETIN 4865 BULLETIN 0 














BELTED VENT SETS 


Non-overloading ventilating tans for New! BELT-AIR FANS INDUSTRIAL CB PRESSU RI 
duct or tree air delivery Extra quiet Quiet sturdy fans to EXHAUSTERS BLOWERS 
BULLETIN 4720 move a lot of air at All-welded for strength Up two 24 psi, sing 


negligible cost. Heavy and high efficiency stage with these husky 
| 


gauge die-stamped With air or material space-saving units! 
blades and pane! wheels BULLETIN 4554 
SHORTBOY VENTILATING SETS 
Quiet, efficient, vibration free fans 


WRITE POR DETAILS BULLETIN 4576 
Wheels mounted on hollow shaft 


BULLETIN 3701 








. 





AXIAL FLOW PANS “EB” BLOWERS VOLUME FANS 
Compact, light, highly EXHAUSTERS Rugged blowers 
efficient ventilating fans For low to medium exhausters with cast 
for light duty pressures and volumes iron housings and dust 

BULLETIN 3533 im draft, cleaning, line proof ball bearings for 
boosting any job up to 10” sp 


BULLETIN 4014 BULLETIN 4615 


BUFFALO FORGE COMPANY 


170 MORTIMER ST. BUFFALO, NEW YORK 
PUBLISHERS OF “PAN ENGINEERING” HANDBOOK 
*The “Q” Factor The built-in Canadian Blower & Forge Co., Led., Kitchener, Ont 
Quality which provides trouble- Sales Representatives in all Principal Cities 





free satisfaction and long life. 
FORCED DRAFT, PRESSURE BLOWING, HEATING, COOLING, 


VENTILATING, AIR CLEANING, AIR TEMPERING, INDUCED DRAFT, EXHAUSTING 
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Bailey Boiler Control Panel for three 150,000 |b per hr, 400 psi, gas-fired 
boilers. Meter at left records total Steam Flow; the other three meters 
record Gas Flow—Air Flow and Flue Gas Temperature. 


How to Control Steam Costs 


% Close regulation of fuel and air input is vital to a 
strict control of your steam cost. But that’s not all. 
You'll need control of other factors, too. Your costs 
can be held down only by controlling all of the im- 
portant operations in your steam plant. That's 
where you can be sure of help from Bailey Controls. 


Here's why they can do the job and do it right: 


1. Suitable Equipment 


When you receive equipment recommendations from a 
Bailey Engineer his selections come from a complete 
line of well-engineered and carefully tested products. 


2. Seasoned Engineering Experience 


Your local Bailey Engineer brings you seasoned engi- 
neering experience based on thousands of successful 
installations involving problems in measurement, com- 
bustion, and automatic control. 


3. Direct Sales-Service—close to you 


For your convenience and to save time and travel ex- 
pense there's a Bailey Distriet Office or Resident Engi- 


neer in or close to your industrial community, 


For greater fuel savings, less outage and safer working 
conditions, you owe it to yourself to investigate Bailey 
Controls. Ask a Bailey Engineer to arrange a visit to 
a nearby Bailey installation. We're glad to stand on 


our record, A-125-1 


BAILEY @ 


1025 


IVANHOE 


Coutrols for 
ROAD 


Complete Controle for Steam Plante 
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CLEAN HEATING SURFACE 
and LOW MAINTENANCE 


CJ 


460 p.s.i. PULVERIZED COAL FIRED BENT TUBE BOILER 


@ The high temperature zone, first pass screen tubes are cleaned by 


BAYER RETRACTABLE GUN TYPE MASS-FLOW CLEAN- 
ERS located in the front furnace wall. When not in use the 
nozzle is retracted from the furnace, where it is away from the heat 


thus assuring long and efficient service life. 


The superheater is cleaned by BAYER LONG RETRACTABLE 
MULTI-NOZZLE CLEANERS. The elements are advanced for 
cleaning and after the cleaning cycle are entirely withdrawn from 
the furnace. By the use of such Retractable Cleaners heating 
surface is kept clean at all times, and element maintenance is 


negligible. 


The rear banks of boiler tubes are cleaned by BAYER conventional 


revolving elements. 


The soot cleaner system illustrated 
emphasizes the fact that the soot 
blower in every case should be engi- 
neered to suit the operating conditions 


of the boiler to which it is applied. 


BAYER engineering is at your service 
at any time. We will gladly co- 
operate with you in order that the best 
equipment may be correctly applied to 
efficient cleaning of heating surface 
under the operating conditions in your 


plant. 


Over the years a large Mid-West 
Utility Company has used BAYER 
SOOT BLOWERS. The first installa- 
tion was made over twenty years ago 
Eleven repeat orders for BAYER 
SOOT BLOWERS to equip new 
boiler installations have been ordered. 
The boiler illustrated at the left was 
installed last year. The record of ef- 
ficiency, dependability and service 
demonstrated by BAYER EQOUIP- 
MENT in past years resulted in 
BAYER being selected for the new 


boiler. 


The Bayer Company 


ST. LOUIS, MISSOURI, U.S.A. 
FOR HIGHEST FIRST AND 
FINAL VALUE BUY BAYER 
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from Receiving Grate 
---to Discharge Gate 


GIFFORO-WOOD COAL HANDLING SYSTEM aT 
CIBA STATES LIMITED, TOMS RIVER, NU 


é 


GOILER EQUIPMENT Pred 
<o 
1] 


IN THIS AREA 


HOPPER-BOTTOM CaR 
UNLOAD COAL HERE 


As 
ty 
“ (Adtemente 


” scale 





stTANDARD G@-Moust-ticut 
RACK & PINION GATES 

are available in 3 sizes: 16” x 16”, 

20” x 20", and 24” x 24”. 


Air-cylinder operation may 
be specified to replace hand- 
wheel for special applications. 


G-W 


AUTOMATIC 
COAL HANDLING SYSTEMS... 


engineered for efficiency 


all-welded construction of the gate housing 








ey, 


This Rack and Pinion Gate is typical of G-W 


attention to engineering detail. It’s the last 
piece of equipment in the complete G-W Auto- 
matic Coal Handling System in the huge new 
plant of Ciba States Limited, Toms River, N. J. 

Through two of these gates pass all the coal 
used by this large processing plant. They absorb 


tons of pressure—day in, day out. Yet the rugged 


gives complete protection to all parts and traps 
all coal dust. Turning the handwheel moves the 
slide plate over sturdy roller bearings through 
a simple rack and pinion mechanism, Simple 
design?—Yes... but the very efficiency of this 
gate lies in its engineered simplicity... the 


Gifford -Wood way. 


GiFForo-Wooo Co. 


Since 1814 
Hudson, New York 
Chicago 6 
565 W. Washington Street 


St. Lowvis 1 
Roilway Exchange Building 


New York 17 
420 Lexington Avenue 


@eoes When you think of ENGINEERED Materials Handling ... think of Gifford-Wood 
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As much as 


10 years’ service 
without replacement 





MOLDIT CASTABLES 
in ash hoppers 
Not a Single Repair in 11 Years 


The Moldit-D linings installed eleven years ago in ash hoppers 
of two 800,000-lb. pulverized fuel boilers are still going strong. Not 
a single repair has been necessary! 

The original application was made on the walls and ends of the 
hoppers, at a cost of a few cents per pound, plus very little labor. 
Figure this out in terms of labor and material for equivalent fire 
brick lining including the cost of maintaining and repairing it for 
eleven years. It would be staggering! 


Ali at One-Fourth the Estimated Cost 


Another power plant had to repair a number of ash hoppers, 
remove spalled and shaled fire brick and replace with new material. 
Estimated cost—$30,000, plus considerable boiler outage. But R & I 
recommended thorough raking out, cleaning and wetting down of 
all broken, spalled and eroded areas, and the holes and openings 
filled and plastered with Moldit-D Refractory Cement to a smooth, 
level surface. 

This was done more than 10 years ago. Today the Moldit-D 
refractory is still in place, withstanding hard usage and frequent, 
large quantity cold water quenchings of the hot ash. All this at about 
one-fourth the estimated cost! 


Pour It —-Gun It-—Trowel It-MOLDIT 


The Moldit success story is endless—wherever refrac- 
tory linings are used. There's a Moldit Cement for 
every castable refractory need, Write for Catalog. 


REFRACTORY & INSULATION CORP. 


BONDING AND CASTABLE CEMENTS 


K BLANKETS AND CEMENTS 





"4 WALL STREET © NEW YORK 5,N.Y. 
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Pennsylvania R. R. saves $33,000 a 
year by burning coal the modern way 


The Lafayette Street Power Plant of the Pennsylvania 
Railroad in Fort Weyne, Indiana, heats a passenger 
station, ofice buildings and repair shops. In addition, 
it also supplies steam for power, processing and car 
heating. To increase the efficiency of this coal-fired 
plant, the railroad replaced its old boilers with modern 
steam generating equipment, regulated by automatic 
combustion controls, At the same time, they modern- 
ized the ash removal system. 

Today the cost of steam generation has been lowered 
from 77c to 59c¢ per 1,000 pounds and combustion 
efficiency raised 25% higher than before. Overall heat- 


ing costs have been cut $33,000 yearly. 


Investigate Your Fuel Costs 


If you're planning to modernize your plant or build a 
new one—or if you are just interested in cutting fuel 
costs—find out how coal, burned the modern way, 


compares to other fuels. Talk to a consulting engineer 


or your nearest coal distributor. Their advice may 
save you thousands of dollars every year. 


facts you should know about coal 


In most industrial areas, bituminous coal is the lowest-cost 
fuel available. 
Up-to-date coal burning equipment can give you 10% to 
40% more steam per dollar. 
Automatic coal and ash handling systems can cut your 
labor cost to a minimum. 
Coal is the safest fuel to store and use. No dust or smoke 
problems when coal is burned with modern equipment. 
Between America’s vast coal reserves and mechanized 
coal production methods, you can count on coal being 
plentifu! and its price remaining stable. 
For further information or additional case histories 
showing how other plants have saved money burning 
coal, write to the address below. 
BITUMINOUS COAL INSTITUTE 
A department of National Coal Association 


Southern Building, Washington 5, D.C. 








POSITIVE GEAR DRIVE 


for the SUPERIOR PERFORMANCE of DIAMOND 
Model IK LONG TRAVEL RETRACTING BLOWERS 


The lance tube of the Diamond Model IK Long 
Retracting Blower is propelled into the furnace 
by the carriage which is driven by a rugged 
pinion gear which engages a heavy rack. Gearing 
will stall lance in event of motor drive failure 
during blowing. This represents the ultimate in 
safety and reliability. 

This is only one of several reasons for the 
superior performance of the Model IK. Others are 
the single motor drive (one motor simultaneously 
propels the carriage and rotates the lance)... 
mechanically operated poppet valve which pro- 


vides simple, positive and accurate control of 
blowing medium (air or steam) ... integral adjust- 
able pressure control. 

Advanced engineering features such as these, 
plus reliability proved over the years, are 
important reasons why the great majority of 
engineers prefer Diamond Blowers. 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO 
Diamond Specialty Limited « Windsor, Ontario 





1 Competent Shaw engineers 
plan efficient, economical pro- 
cedures for your piping project 
from inception to performance- 
ready installation 
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Shaw’s 8 point 


production story is your 


piping fabrication 
success story 


Whatever your piping fabrication and 
installation problem— processing plant, power 
plant, steel mill, refinery, or industrial »lant— 
Shaw employs this vital 8-point 

production method to assure you a job 
well-done from inception to completion, 

at lowest cost to you. 
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2 Shaw gives you all the fab- 338) 
ricating services necessary for 
dependable, quality piping that ‘ 
conforma exactly to the spec- i 
ifications for your project ; 


iv has no corner on 
but each man on the 
mpany's team of specialists 
rainid for the phase of pip- 

ng fabrication he performs 
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5 You spend your piping dol- 
lar for all it’s worth when you 
buy from Shaw, where your 
requirements are accurately 
translated into minute details 


6 Every picce of Shaw fabri- 7 There's more to a bid than 
cated piping bears the Union _ price, and you avoid the low, 
label your agsuranve that gimmick-type bid when you 
your job has been produced by count on Shaw for careful, 
experienced journeymen accurate bidding on your job 


Wrether your piping project is large or small, you buy dependable, 
quality fabrication and installation when you place your contract 
with Shaw. Buy from Shaw—it costs no more and pays all ways. 
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4 | the trained and tire- 
less « f Shaw technicians 
is yo assurance of quality 
in the fabrication of 
ng project 
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your pif 





shead!” is the bby 
word of very phase of Shaw 
production ~modern facilities, 
lates roduction-line tech- 
niques, i7e-seaving equipment 





